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EDMUND G. BROWN
^RVEY O. BANKS Oovirnoh

ADDRESS REPLY TO
OrRICTOR p. O. BOX 388 SACRAMENTO 2

1120 N STREET HI CKORY 8-4711

STATE OF CALIFORNIA

SACRAMENTO

December 30, I960

Honorable Edmund G, Brown, Governor
and Members of the Legislature of the

State of California

Water Pollution Control Boards

Gentlemen:

I have the honor to transmit herewith a report
on the quality of surface waters in California. This is
the third in a series of reports concerning this important
matter, and covers the period January through December 1957-

This stat3ifide Water Quality Monitoring Program,
authorized by Section 229 of the V/ater Code, was initiated
in April 1951, at the request of the State V/ater Pollution
Control Board and has been conducted by the Department of
Water Resources in cooperation with the State Department
of Public Health, Bureau of Sanitary Engineering; the State
Department of Fish and Game; the United States Geological
Survey; and with various other agencies and individuals.
Its objective is to secure and interpret data on prevailing
quality of water in the major streams and lakes in Cali-
fornia, to evaluate trends in water quality conditions, and
to ascertain causes for changes in water quality. These
data are utilized by the Department of Water Resources in
conducting water resources development studies and imple-
menting water development programs; by the regional water
pollution boards in establishing waste discharge require-
ments for the protection of surface waters in California;
and by other water agencies throughout the State.

With few exceptions, the surface waters in
Northern California during 1957 were found to be of excel-
lent quality. Surface waters in Southern California during



Honorable Edmund G. Brovm
Governor, et al -2- December 30, I96O

the same period, on the other hatnd, varied In quality from
excellent to poor, with the poorer quality waters found in
the lakes in that area. The lakes having the poorer qual-
ity water are those which receive relatively high volumes
of drainage water and are at the same time subject to high
evaporation rates.

The results of the 1957 survey of radioactivity
in surface waters Indicate few significant changes from
that found in 1955-56, The radioactivity levels in the
waters of the northern part of the State were found to be
generally lower than in 1955-5^, while those in Southern
California generally show a slight increase. However, all
values were found to be substantially below the accepted
safe limits.

Very truly yours.

e.(^^
HARVEY 0. BANKS
Director

I



ACKNOWLEDGMENTS

The extensive coverage of the statewide surface water quality

monitoring program is made possible through the cooperation of federal,

state, and local eigencies. The helpful cooperation of the following

aigencies in respect to this program is gratefully acknowledged:

Federsil Agencies

Department of the Army

Corps of Engineers

Department of the Interior

Bureau of Reclamation

Geological Survey

State Agencies

California Disaster Office, Radiological Service

Department of Fish and Game

Department of Public Health

Bureau of Sanitary Engineering

Division of Laboratories

State Water Pollution Control Board

Other Public Agencies

City of Long Beach, Department of Public Health

City of Los Angeles

Department of Water and Power

Department of Public Health

City of San Bernardino

City and County of San Francisco

Los Angeles County Flood Control District

vii



Other Public Agencies (cont.)

Ventura County, Water Resources Division

The Metropolitan Water District of Southern California

Kern County Land Company

Kings River Water Association

The Department of Water Resoiirces wishes to thank the following

federal and state agencies who granted permission for inclusion in this

report of unpublished water quality data collected under their various

programs

:

United States Department of the Interior

Geological Survey

Bureau of Reclamation

United States Department of Health, Education, and Welfare

Public Health Service

Central Valley Regional Water Pollution Control Board (No. 5)

The United States Geological Survey performed a substantial

portion of the laboratory mineral analyses required by this program under

a cooperative agreement with the Department of Water Resources. The

bacteriological determinations were made by the California State Department

of Public Health and the radiological determinations by the California

Disaster Office, both under service contracts with the State Water Pollution

Control Board.

viii



ORGANIZATION

STATE DEPARTMENT OF WATER RESOURCES
DIVISION OF RESOURCES PLANNING

HARVEY 0. BANXS Director of Water Resources

RALPH M. BRODY Deputy Director of Water Resources

JAMES F. WRIGHT Deputy Director of Water Resources

WILLIAM L. BERRY Chief Engineer,
Division of Resources Planning

IRVIN M. INGERSCW Chief, Engineering Services Branch

The activity under which this report was
prepeired is directed by

Meyer Krsimsky Principal Hydraulic Engineer

The activities in Northern California were
under the supervision of

Willard R. Slater Supervising Hydraulic Engineer

The activities in Southern California were
iinder the direction of

John R. Teerink District Engineer

and the supervision of

David B. Willets Supervising Hydraulic Engineer

This report was prepared by

Arthur J. Inerfield Senior Civil Engineer
Robert F. Clawson Senior Hydraulic Engineer
Felix W. Cartier Civil Engineering Associate
James M. Windsor Assistant Civil Engineer

Assisted by

Robert B. Gujnderson Assistant Hydraulic Engineer
Allen Joy Junior Civil Engineer
Lloyd P. Olsem, Jr Engineering Aid I

Shigeru Katsumata Engineering Aid I

Paul L. Barnes Chief, Division of Administration
Porter A, Towner Chief Counsel
Isabel C. Nessler Coordinator of Rejwrts

IX



ORGANIZATION

CALIFORNIA WATER COMMISSION

James K. Carr, Chairman, Sacramento

William H. Jennings, Vice Chairman, La Mesa

John W. Bryant, Riverside John P. Bunker, Gustine

Ira J. Chrisman, Visalia George C. Fleharty, Redding

John J. King, Petaluma Kenneth Q. Volk, Los Angeles

Marion R. Walker, Ventura

George B. Gleason
Chief Engineer

William M. Carah
Executive Secretsiry



nrrRODucTiON

This biilletin, one of a series concerning surface water quality

conditions in California, presents data collected routinely by all

federal, state, and local agencies conducting surface water monitoring

programs in Csilifomia. In addition to presenting the basic data,

this bulletin slIso presents an evaluation of significant quality variations

detected at all sampling stations and, where possible, an explanation

of the causes of these variations.

In order to make monitoring data available as soon as possible,

the Department of Water Resources publishes and distributes to water

pollution control, public health and other interested agencies and

individuals, a monthly report containing the quality information collected

by the department's surface water quality monitoring program and a

preliminary evaluation of quality variations detected during the month.

Agricultural, industrial, and urban water uses in California

contribute significant amovints of wastes to surface and ground water

supplies. In some instances, the wastes are harmful, or potentially so,

to the State's water resources. The early detection and control of quality

degradation is imperative if the fullest practicable beneficial uses are

to be made of the available water supplies

.

In April 1951> a continuing stream sampling progrsim was initiated

at the request of the State Water Pollution Control Board, for surveillance

of the quality of the State's surface water supplies. Since that time, this

program has been conducted by the Department of Water Resources in coopera-

tion with the State and Regional Water Pollution Control Boards and other

agencies and individuals. A similar program was instituted in 1953 to

monitor the quality of the State's ground waters.
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The surface water quality program reported herein is authorized

by Section 229 of the Water Code. "Hiis section directs that:

"The Department (of Water Resources), . . . shall investigate
conditions of the quality of all waters within the State includ-
ing saline waters, coastal and inland, as related to all sources
of ixJllution of whatever nature and shall report thereon to the
Legislature smd to the appropriate regional water pollution
control board annually, and may recommend any steps which might
be taJcen to improve or protect the quality of such waters .

"

This is the third of a series of bulletins presenting water

quality data collected on a statewide basis and covers the csd.endar year

1957. Data for previous periods are included in the following reports:

California Dejjartment of Public Works, Division of Water Resources, Water

Qusility Investigations, Report No. 15, "Quality of Surface Waters in

California, I95I-I95U"; and California Department of Water Resources,

Division of Resources Planning, Bulletin No. 65, "Quality of Surface Waters

in California, 1955-1956".

While the data presented herein were, for the most part, collected

under the department's surface water quality monitoring program, every

effort has been made to include comparable data collected under various

programs conducted by other agencies (see Acknowledgments).

The basic objectives of the svirface water quality monitoring

program are:

(a) to secure continuous and reliable water quality data, on

a monthly basis, from a network of stations which will

provide representative data of the quality of water in

the major surface streams and lakes of the State;

(b) to evaluate and interpret chemical, physical, biological Eind

reuiiological information collected during the course of this

program to develop a comprehensive understanding of the factors

which make up and alter the water quality at 6uiy station; and,
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(c) to detect changes in water quality and to notify the appropriate

control agency, (regional water pollution control boards, state

and local health departments, State Department of Fish and Oame)

when warranted.

The statewide water quality monitoring program in 1957 involved

the collection smd analyses of samples from I83 stations on 100 streams

said lakes throughout California by various federal, state and local agencies

(Plate 1). The program of the Department of Water Resources comprised

the monthly collection and anadysis of samples from 157 of these stations

on 90 California streams and laikes

.

The discussion of water quality is presented in this report by

water pollution control regions, starting with Region 1 and progressing

through Region 9- Within each region, the discussion is presented by

drainage basin, the main stream of each basin being discussed first,

followed by a discussion in downstream order of its tributaries. Each

discussion will include only those constituents which were found to vary

significantly.

Appendix A of the report contains a discussion of field and

laboratory procedures and methods, aind the criteria utilized in evaluating

the quality of water. Appendix B contains monitoring station descriptions

euad locations, and the physicsLI, chemical, bacteriologiceO. and radiological

data for samples collected during 1957 at the 183 stations aforementioned.

Also presented in Appendix B are graphs showing the monthly variation,

for the i)ast five years (1953-1957) , of total dissolved solids for those

stations in the Department of Water Resources' stream sampling program

with a record of five years (1953-1957) or longer.



SURFACE WATER QUALITY

STunmary

With few exceptions, the surface waters in Northern California

during 1957 were found to be of excellent quality. Surface waters in

Southern Ceilifornia during the same period, on the other hand, varied in

quality fron excellent to poor, with the poorer quality waters found in

lakes which receive drainage waters and are subject to high rates of

evaporation.

As indicated by Plates B-1 through B-67, the monthly variation

in total dissolved solids is, in most cases, related to the seasonsQ. flow

and use vsuriations of the watershed. Concentrations of most constituents

tend to increase during the sujnmer months when use is at a maximum and

flow is at a minimum, reaching the extreme just prior to the start of the

fall rains. In some cases, such as the Russian River near Hopland (Plate

B-5), Mission Creek at Whittier Narrows (Plate B-I6), and San Joaquin River

at Friant (Plate B-47), the variations in flow and use have little or no

apparent effect on the concentration of dissolved constituents.

The results of the 1957 survey of radioactivity in surface waters

indicate few significant changes from that found in 1955-56. The reidioactivity

levels in the waters of the northern part of the State were found to be

generally lower than in 1955-56 while those in Southern California generally

showed a slight increase. However, the radioactivity levels were sub-

stantially lower than the recommended allowable limits

.

North Coastal Region (No. l)

A total of fifteen stream sampling stations are located on

streams in the North CoastaLl Region (Plate l) , as indicated in the following

tabtilation:

I
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anith River (l) Eel River, South Fork (l)

Klamath River (3) Russian River (U)

Trinity River (2) Russian River, East Fork (2)
Eel River (2)

Surface waters of this region were generally bicarbonate type

with calcium and magnesium constituting the major cations. Mineral analyses

of samples collected monthly during 1957 indicated only seasonal variation

in concentration of constituents, and in most cases, only minor variations

from values foiind in previous yeeirs. These waters ranged from soft to

moderately hard with total dissolved solids (TDS) reaching 19*+ parts per

million (ppm) . All 15 of the stations in this region have a period of

record of five years or longer. Graphs showing monthly variation in

TDS for the past five years (1953-1957) for stations in this region are

presented in Appendix B on Plates B-1 through B-8. High boron concentra-

tions have been prevalent in the Russian River. The 1957 boron values,

although high, were significantly lower than values found in previous years.

Radioactivity levels were slightly below those for previous years with

the exception of the Eel and Russian Rivers which were slightly higher.

The Smith River waters near Crescent City (Station 3a) continued

to be of excellent qusLLity, magnesium bicarbonate in character, class 1

for irrigation use, and met drinking water stsmdards for mineral content.

During 1957, the total dissolved solids content ranged between hk and 90

ppm (Plate B-7) • No significant changes in concentration of constituents in

this water have been detected since sampling began in April 1951-

The Klamath River was sampled at three points: near Copco

(station l) , at Somesbar (Station 2) and near Klamath (Station 3)- The

Klamath River remained class 1 for irrigation use, and met drinking water

standsirds for mineral content during 1957- It was a bicarbonate type

water with no major cation. There was no marked change in concentration
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of constituents between the headwaters and the mouth. The maximum total

dissolved solids concentration, observed In 1957 (Plates B-2 and B-3),

162 ppm, occurred at Copco, the uppermost sampling station on the river.

Only slight variations in hardness and boron have been noted since the

beginning of the program in 1951' The 1957 hardness maximum, 80 ppm, was

observed at the station near Klamath, and the highest boron concentration,

0.19 ppm, was measured at Somesbar.

Samples were collected from the Trinity River at Lewiston

(station Ua) and near Hoopa (Station h) . Only insignificant deviations

in concentration of mineral constituents have been detected since sampling

was initiated at these stations in April 1951> and no noticeable variation

in the quality of the river between the two stations was detected in 1957.

The water, with a total dissolved solids concentration of less than 150

pim during 1957 (Plates B-7 and B-8) , was of excellent quality and met

drinking water stsindards for mineral content and class 1 standards for

irrigation use.

The Eel River showed similar mineral concentrations near McCann

(station 5) and at Scotia (Station 6) during 1957- The water was calcium

bicarbonate in character, slightly to moderately hard, class 1 for irrigation

and met drinking water standards for mineral, content. Total dissolved solids

concentrations ranged between 66 and I80 ppm (Plate B-l) . No large changes

in total dissolved solids have been found since sampling began in April 1951'

The radioactivity of the Eel River reached U5.I ± 12.0 micro-micro-curies

per liter of dissolved beta near McCann (Station 5) in May 1957, a marked

increase over the activity for the previous years. However, the significance

of this increase, which was not in evidence in the May sample from the

downstream station (Station 6) or in the September samples from both stations,

cannot be evaluated until a longer period of record is available

.



IXiring 1957, the South Fork of the Eel River , -irtiich enters the

main stem between Stations 5 and 6, was sampled near Miranda (Station 7)

•

nie South Fork, with a maximum total dissolved solids concentration of

150 ppn in 1957 (Plate B-2) , showed no appreciable difference in quality

or character from the water in the main stem. The water continued to be

suitable for nearly all uses with only minor variations in quality being

detected since sampling was initiated in April 1951

•

Four monitoring stations axe located on the Russian River ; near

Ukiah (station 10b), near Hopland (Station 8a), near Healdsburg (Station 9)>

and at Guerneville (station lO) . Russieui River water was of good to excellent

quality, ajnd suitable for most uses. During 1957, the maximoim observed values

for total dissolved solids varied between I50 ppm at Ukiah and 19O ppm at

Guerneville (Plates B-k and B-5) . However, boron concentrations, which reached

0.9^+ ppjn during 1957, periodically placed this water in the class 2 category

for irrigation uses. The overflow from a well located between Hopland and

Healdsburg previously had contributed considerable quantities of boron to

the Russian River. This overflow was removed from the river in September

1956. With the termination of this discharge, the maximum boron concentra-

tion in the river fell from k.3 ppn in I955-I956 to the 0.9^^ ppm reported

in 1957. The continuing presence of boron in the river indicates that other

sources besides discharge from the well contribute boron to the river.

These other sources are believed to be a characteristic of the geology of

the watershed. The dissolved oxygen concentration decreased to l.U ppm

in December 1957, at Station 10 while remaining normal at the other stations.

The cause of this oxygen depletion could not be ascertained. Radioactivity

in this water, while slightly higher in September 1957 than in May, was

still well within the recommended safe limits.

-7-



The East Fork of the Russian River , which also contains imported

Eel River water, was sampled at Potter Valley Powerhouse (Station 10a) and

near Calpella (Station 8) . Analyses of samples collected at these stations

have shown only minor variations in quality since sampling began in 1951

>

and indicate little or no difference between the water of the East Fork and

that of the main stem. While the hardness reached 105 ppm in January, it

was less than 85 ppm the other eleven months of 1957 • Boron concentrations

in the East Fork water reached 0.73 ppn in 1957, placing this water in

class 2 for irrigation use. The high boron concentration in the East Fork

Indicates that the boron problem in the Russian River probably originates

at or near the headwaters of the river and its tributaries. As boron

concentrations are also high in the Clear Lake area, located just across

the drainage divide from the headwaters of the Russian River, it is probable

that boron is an integral part of the geologic characteristics of this area.

San Frgmcisco Bay Region (No. 2)

A total of five surface water monitoring stations are located on

streams in the San Francisco Bay Region (Plate l), as indicated in the

following tabulation:

Napa River (l) Coyote Creek (l)

Carquinez Straits (l) Los Gatos Creek (l)

Alameda Creek (l)

The waters of this region were bicarbonate in character with

major base constituents consisting of calcium, magnesium, or sodium,

depending upon the minersil composition of the rock formations of the

individual drainage basin. No large changes in water quality have been

detected in this region since sampling was started in December 1951- The

waters were, with the exception of those in the tidewater reaches, good

to excellent in quality and suitable for most beneficial uses during 1957-

-8-
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Graphical presentations of the monthly variation in total dissolved solids

for the four stations that have a period of record of five years (1953

through 195T) appear on Plates B-9 and B-10 in Appendix B. Although some

of the largest waste discharges in Northern California are located in

Region 2, most of them discharge directly to the San Francisco Bay below

these sampling stations and their effects were not reflected in analyses

at these points. The radioactivity in the waters of this region, while

far below the recommended safe maximum, were slightly higher during 1957

than during previous years

.

Samples of water were collected from the Napa River near St.

Helena (Station 72) . While these waters were suitable for most beneficial

uses, the boron concentration, which ranged from 0.l4 to 0.9**^ ppsn during

1957, was often above the limit recommended for class 1 irrigation water.

The concentrations of constituents found in 1957 do not represent a

significant chemge from values found since December 1951*

Samples of water were collected from Carquinez Straits at

Martinez (Station 28a) during 1957. The fluctuation in mineral quality

of the water at this station is due mainly to the interi-elationship

between sea water and the qusmtity of fresh water outflow from the Sacramento-

San Joaquin Delta. During 1957, conductivity ranged between 28l and 22,35^

micrcMBhos and total dissolved solids ranged between 196 and 15,62U ppm.

The high concentrations occurred during a period of relatively low stream

flows while the low veilues occurred during a period of high stream flow.

Boron concentrations in Alameda Creek near Niles (Station 73)

ranged between 0.68 and l.k ppm, placing it in class 2 for irrigation.

During 1957, this water was consistently in the very hard classification

-9-



with a range in total hardness from 276 to kjk ppm. Total dissolved solids

reached 900 ppm in December (Plate B-9), the highest concentration recorded

since sampling began in December 1951- Most constituents were found in

slightly higher concentrations during 1957 than in previous years

.

Only minor changes in the concentration of constituents have

occurred since 1952, when sampling of Coyote Creek near Madrone (Station 82)

was initiated. During 1957 the water was moderately hard (iVD-ITS ppm 11

hardness) and the totsil dissolved solids remained relatively constant between

185 and 235 ppm during 1957 (Plate B-9)

.

Los Gatos Creek was sampled near the headwaters at Los Gatos

(station 7^) • With the exception of 1956, there has been a gradual increase

in the concentration of most constituents in this water since sampling began

in December 1951- The generally lower mineral concentrations found in

1956 may be attributed to the high flows which occurred during December

1955, and January 1956. The 1957 range in hardness was 89-388 ppm and

the range in total dissolved solids was lk)-U70 ppm (Plate B-IO)

.

Central Coastal Region (No. 3)

During 1957, water samples were collected from eight monitoring

stations located on the following Central Coastal Region streams (Plate l),

as indicated by the following tabulation:

San Lorenzo River (l) Salinas River (l)

Soquel Creek (l) Carmel River (l)

Uvas Creek (l) Santa Ynez River (2)

Pajaro River (l)

The waters of this region were bicarbonate type, with calcium

and sodium as the major cations. High hardness smd total dissolved solids

were characteristic of the region. Graphical representations of the monthly

variation in total dissolved solids for the period 1953 through 1957 for

-10-



stations located In this region, all of which have a period of record

of five years or longer, are presented on Plates B-11 through B-l^l

in Appendix B. Little variation has been noted in the quality of the

waters since the beginning of the program. Radioactivity showed no

significant change from previous years

.

The waters of San Lorenzo River at Big Trees (Station 75)

were calcium bicarbonate in character, of excellent quality and suitable

for nearly all beneficial uses during 1957- The water was moderately

hard with concentrations of constituents well below the maximum values

allowable for all but the most exciting industrial uses. Hardness reached

ll*0 ppm and total dissolved solids 225 ppm (Plate B-12) in 1957, represent-

ing no significant change from values found since observations began at

the station in December 1951«

The water of Soquel Creek at Sequel (Station 76) was usually

of good quality and suitable for nearly all uses. It was calcium bicarbonate

in character, moderately to very hard, with the maximum in 1957 reaching

310 ppm total hardness amd total dissolved solids ranging between 230

and 525 ppm (Plate B-1^) . No significant vsu-iations in concentration

of constituents have been noted since sampling begaji at this station in

December 1951-

Uvas Creek was sampled near Morgan Hill (Station 96) . The entire

flow from this stream, except during flood stages, is diverted at Uvas

Dam for the municipal supply of the City of Gilroy. Analyses of this water

show little change in quality since sampling began in July 1952. It was

calcium bicarbonate in character, class 1 for irrigation, and met drinking

water standards for mineral content. Hardness was consistently high,

with a maximum concentration of I98 ppm in 1957-

-11-



'

Pajaro River near Chittenden (Station 77) has limited use because

of excessive concentrations of mineral constituents. During 1957j hardness

reached 600 ppn, boron 1.6 ppm, chlorides 37^ ppn, sulfates 263 Ppn? and

conductance 2,020 micronhos. These values do not represent a significant

variation from other values observed since sampling began in December 1951'

Concentrations of the above magnitude are sufficient to place this water

in class 2 or 3 for irrigation uses and to make softening desirable prior

to domestic use.

During 1957, water samples were collected from the Salinas River

at Paso Robles (Station 43a) . The water was calcium-magnesium bicarbonate

and class 1 for irrigation during 1957, but total dissolved solids were

above the desirable limit for drinking water, reaching approximately 600

ppm in J\ine (Plate B-12) . No appreciable changes in concentration of

constituents have been noted in this water since sampling began in April

1951.

The quality of Carmel River near Carmel (Station 83) has shown

no significant changes since sampling began in January 1952. The water

was bicarbonate type with calcium and sodium as major cations and was

class 1 for irrigation use. Hardness, which varied from 112 to 231 ppm,

placed it in the moderately to very hard classification.

Santa Ynez River was sampled below Los Laureles Cemyon (Station

U5), and at Solvang (Station 45a). The quality of this water has not

changed appreciably since sampling began in April 1951. Concentrations

of total dissolved solids placed this water in the class 2 irrigation

category (Plate B-I3) . Concentrations of 626 ppm hardness and 3^1 ppm

sulfates, in addition to a high total dissol/ed solids value of 1,000

ppm at Station k^, made this water questionable for domestic uses and

-12-



undesirable for all but the least demanding industrial uses . The quality

of water at the downstream Station h^& was only slightly better. At

this point, the total dissolved solids, hardness, and sulfates reached

maximum concentrations of 900 ppm, 592 ppm, and 262 ppna, respectively.

Although water quality can generally be expected to vary with flow,

emalyses for the year 1957 showed little variation in concentration

regardless of flow. This indicates that the quality of water from

tributary streams was similar to that found in the Santa Ynez River.

Los Angeles Region (No. U)

Water quality samples were collected from 17 stations in the

Los Angeles Region during 1957 (Plate l), as indicated in the following

tabulation:

Ventura River (l) Los Angeles River (2)
Matilija Creek (l) San Gabriel River (3)
Santa Clara River (3) Rio Hondo (l)

Piru Creek (l) Mission Creek (l)

Sespe Creek (l) Metropolitan Water
Santa Paula Creek (l) District Aqueduct (l)

Mono-Owens Aqueduct (l)

Surface waters in this region vary widely in quality and character,

depending on location, amount of flow, and type of waste discharges entering

the streams. The rainfall was much less than normal during the 1956-1957

season throughout most of Southern California. On many streams reduced

runoff resulted in low flows and poor water quality. Monthly variations

in total dissolved solids at the nine stations that have a period of record

of five years (1953-1957) are presented grajAiically on Plates B-15 through

B-19 of Appendix B.
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Ventura River was sampled near Ventura (Station 6l) and Mat 111Ja

Creek , a tributary to Ventura River, was sampled two miles above Matillja

Dam (station 45b).

Station 61 on Ventxira River is located just downstream from the

confluence of Coyote Creek and Ventura River near Ventura. In 1957 > con-

struction started on Casltas Dam on Coyote Creek. In October 1957 the

river was dry at Station 6I for the first time during the six-year period

of sampling. The quality of the water at this station has shown very little

change since Its initiation into the program in April 1951 • During 1957,

it was very hard and ranged from class 1 to 2 irrigation water. Boron

content ranged from 0.00 to 0.82 ppm during 1957, while electrical conductivity

ranged from 597 to l,6l3 micromhos. The mineral content of Ventura River

water usually met drinking water standards, except, in some instances

during low flow, when sulfate and total dissolved solids (Plate B-I9) content

exceeded the recommended limit. These waters were usually calcium sulfate-

bicarbonate to calcium bicsLrbonate-sulfate in character.

Matillja Creek , two miles above Matillja Dam (Station h^h) , has

shown no appreciable change in quality since 1953- The water was usually

calcium sulfate-bicajrbonate in character with conductivity ranging between

9^3 and 1,U28 micromhos, and hardness between 38^* and ^+73 Ppm. It was

class 3 water for irrigation use and often contained sulfate concentrations

which exceeded the desirable minersuL content for drinking water. Boron

continued to be a significant problem with concentrations ranging from O.56

to k.& ppn in 1957. The boron content of water taken from Matillja Creek

has been reported as high as 6.h ppn prior to 1957.

The Sajita Clara River system was sampled at the following six

stations during 1957: Santa Clara River at the Los Angeles-Ventura County

line (station k6) , Santa Clara River at Blue Cut (Station k6b) , Santa Clara
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River near Santa Paxila (Station h6&) , Piru Creek at Piru (Station ^c),

Sespe Creek near Fillmore (Station U6d), and Santa Paula Creek near Samta

Paula (station U6e). Stations h6c, d, and e were added to the sampling

progran in June 1957, to monitor the important tributaries to the Santa

Clara River. Data collected at Station h6, one mile upstream from

Station hSb, indicated that this reach of the Santa Clara River can be

sidequately monitored at one station. Accordingly, Station ^b was dropped

from the program at the end of 1957.

Santa Clara River water continued to be poor in quality, high in

sulfate content, and extremely hard. Very little change in water quality

has been noted since sampling began in 1951. Conductivity ranged from

1,1*93 to 2,058 micromhos near Santa Paula (Station lt6a) and 1,862 to 3,509

micromhos at the Los Angeles-Ventura County line during 1957- This

improvement in quality is attributed to the effect of better quality

inflow from Piru and Sespe Creeks. The highest boron concentration of the

three stations on Santa Clara River in 1957 was I.56 ppm at the Los

Angeles-Ventura County line (Station ^46).

A sampling station on Piru Creek at Piru (Station k6c) was

established in Jiine 1957. Piru Creek is a major tributary to Santa Clara

River and joins the river below this station. The surface waters at this

station have sulfate as their predominant smion, but have no predominant

cation. In 1957, the total dissolved solids content varied from 1,11+0 to

1,790 ppm. For irrigation use, water was class 2 at high flows and class 3

at low flows. Boron was high, ranging from 1.6 to 2.0 ppm. Hardness

ranged from 518 to 92U ppm. The water did not meet drinking water standards

for minersd. content. Santa Felicia Dam, about five miles upstream from

Piru, was completed in I956 and storage of Piru Creek water was begun.
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Sampling of Sespe Creek near Fillmore (Station k6d) was initiated

in Jwae 1957 to monitor this important tributary to the Santa Clara River.

During 1957, Sespe Creek water varied from calcium-sodium sulfate-bicarbonate

in character at low flows to cauLcium sulfate-bicarbonate at high flows

.

Boron ranged from I.50 to 3 '12 ppm and electrical conductivity ranged from

1,067 to 1,718 micromohos. This water was class 1, 2, or 3 for irrigation

use, depending on the magnitude of the flow, with boron and electrical

conductivity as the main limiting factors

.

A monitoring station was established in June 1957 on Santa Paula

Creek near Santa Pavila (Station k6e) , to determine the water quality of

this important tributary of the Santa Clara River. The station is about

four miles upstream from the confluence with Santa Clara River. During

1957, Santa Paula Creek water was calcium bicarbonate-sulfate in character

at high flow but shifted to sodium-calcium sulfate-bicarbonate at low flow.

Total hardness of these waters ranged from 319 to U8I ppm and conductivity

between 8^*2 and l,4l8 microrahos. The water met mineral standards for

drinking water except at extreme low flows when the sulfate content, which

was 265 ppm in September, exceeded the recommended limit.

A water sample was collected each month from Mono-Owens Aqueduct

at its terminus at Upper San Feraando Reservoir near San Fernando (Station 70)

and sunalyzed by the Los Angeles Department of Water and Power. The water

was excellent in quality, ranging from I63 to 227 ppn totaJL dissolved solids

in 1957 (Plate B-I6) . It was calcium-sodium bicstrbonate in character and

soft. The quality has not changed appreciably since the initiation of the

sampling program in April 1951.

The Los Angeles River Channel, which was sampled in Los Angeles

at Figueroa Street (Station hi), and in Long Beach (Station W), continues
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to serve the Los Angeles metropolitan area as a drainage channel for

storm ninoff and many industrial vaste discharges. The flow at Station

^7, consisting mainly of siirface draineige and industrial waste discharges

from San Fernando VeU-ley, was continuous throughout 1957- IXiring the year,

the sxirface flow at Station ^7 remained sodium chloride-sulfate in character

smd class 3 water for irrigation use, except during periods of rain runoff

when the water quality improved. The water was very hard, ranging from

315 to 995 PPJn total hardness.

Oil brine wastes, which are discharged into the river just

upstream from Station lt8, contribute to the high concentrations of salts

In the river at this point. Arsenic concentrations of 2.5 and 2.0 ppm

were found in the May and September 1957 heavy meteLLs smalyses . The

arsenic content of 2.5 Pim is the highest value found since it was first

detected at this station in October 1952. The genered water quality of

the river has not chajoged appreciably since sampling began in April I95I5

except that during periods when the river flow is increased by storm

ninoff significant water quality improvement occurs

.

The San Gabriel River was sampled at the following three stations

in 1957: at Azusa Powerhouse (Station ^Od) , at Azusa (Station 50a), and at

Whittier Narrows (Station 50) . A review of sampling data from Station 50a

reveals long periods with no flow, and as a result, this station was

discontinued at the end of 1957 in favor of an upstream station at Azusa

Powerhouse (Station 50d), established in June 1957. Water sampled at the

Azusa Powerhouse was native San Gabirel River water. It was calciiim bicarbonate

in chsLracter and moderately hard. Conductivity rsuiged from 330 to klf

micromhos. It was class 1 water for irrigation use and met drinking water

stemdards for mineral content

.
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Rair Colorado River water has at times been released from I>udding-

stone Reservoir and channeled dovn WeJ.nut Creek and entered the San

Gabriel River at Ssui Bernardino Road, five miles upstream from Station 50.

These releases are used for spreading operations in the Montebello Forebay

to the Central Coastal Plain Pressure Area. Except for these releases,

there was no flow at this station during the sximmer months of 1957- The

native quality of San Gabriel River water at this station was similar to

that in upper reaches of the river except that the range in conductivity

values increased from 58I to 1,302 micromhos auad it was very hard. This

native water was class 1 for irrigation uses emd met drinking water

standards for mineral content. V/hen raw Colorado River water was flowing

in the channel or was mixed with the native water, the quality became

class 2 irrigation water.

Rio Hondo was sampled at Whittier Narrows (Station U9) . Except

during periods of rain ininoff, the Rio Hondo flow consists primarily of

effluent ground water from the Main San Gabriel Basin. In 1957 Rio Hondo

water was calciiun-sodium bicarbonate in character. Chlorides ranged"

between 33 and 2^6 ppm. Total dissolved solids ranged between approximately

320 and 1,000 ppm, at times exceeding the limits recommended for drinking

water (Plate B-IT) • The water at this point has shown a general improve-

ment in quality since 1952 but it still remains class 2 irrigation water.

Mission Creek at Whittier Narrows (Station hSa.) , consists of

ground water rising between San Gabriel River and Rio Hondo, in Whittier

Narrows. Mission Creek is tributary to Rio Hondo just below this station.

During 1957, the waters of this creek were found to be calcixun bicsirbonate

in character and of good mineral quality. They were moderately hard and

usually class 1 for irrigation use. Electrical conductivity reached 1,22**
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micromhos in March 1957, the highest value reported since sampling began

in April 1951- This high conductivity was accompanied by the record chloride

of 218 ppan. The water met drinking water standards for mineral content.

A monthly composite sample of raw Colorado River water was

collected from the Metropolitan Water District Aqueduct at the F. E. Weymouth

Memorial Softening and Filtration Plant at La Vern (Station 69) by the

Metropolitan Water District of Southern California. The 1957 mineral analyses

were characteristic of Colorado River water and showed no important change

since the last report period of 1955-56. The water remained sodium- calcium

sulfate in character and very hard. Total dissolved solids have shown a

gradual increase in concentration since sampling began at this station in

March 1951, reaching a maximum of approximately 820 ppm in February 1957

(Plate B-15).

Central VsLLley Region (No. 5)

For convenience of discussion, this large region is subdivided

into four separate areas . The portion of the region making up the Sacramento

River Valley is designated as 5a, the San Joaquin River Valley is 5b, the

Sacramento-San Joaquin Delta area is 5c, and the Tulare Lake Basin is 5d.

Surface water monitoring samples were collected in this region

during 1957 from a total of 101 stations (Plate l) , as indicated in the

following tabulation:
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Sacramento River Valley (^a)

Sacramento River (ll)

McCloud River (l)

Pit River (2)
Blimey Creek (l)

Cottonwood Creek (l)

Mill Creek (l)

Deer Creek (l)

Big Chico Creek (l)

Butte Creek (l)

Feather River (2)

Indian Creek (l)

South Honcut Creek (l)

Yuba River (?)
Bear River (l)

Sacramento Slough (l)

American River (3)
Stony Creek (l)

Colusa Trough (l)

Clear Lake (2)
Cache Creek (?)

Cache Creek. North Fork (l)

Putah Creek (l)

Lindsey Slough (l)

Cache Sloiigh (l)

Sam Joaquin River Valley (3b)

San Joaquin River (2l)

Salt Slough (1)
Bear Creek (l)

Merced River (2)

Tuolumne River (3)

Stanislaus River (2)
Calaveras River (l)

Mokeliomne River (U)

Cosumnes River (l)

Sacramento- San Joaquin River Delta (^c)

Delta-Mendota Canal (2)

Old River (5)
False River (l)

Italian Slough (l)

Indian Slough (l)

Dutch Slough (1)

Rock Slough (1)

Stockton Ship Chamnel (l)

Little Potato Slo\agh (l)

Contra Costa Canal (l)

Delta Cross Channel (l)

Kern River (3)
Tule River (l)

Tulare Lake Basin (^d)

Kaweah River (l)

Kings River (3)

I

Surface waters of the Central Valley Region are of varying quality.

The waters draining from the Sierra Nevada, and Cascade and Trinity Mountains

generally are of excellent quality, while those draining from the Tehachapi

Moxintains and coastal rsuiges vary from poor to excellent quality. Valley

floor waters vary In quality according to the proportion in which the above

groups of waters are mixed and. the quantities of wastes discharged to the
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streams. Conductivity values in the Central Valley Region ranged between

17.6 micromhos in the Kings River below North Fork (Station 33c) and

6,166 micromhos in the San Joaquin River above Salt Slough (Station 111b)

during 1957- Monthly variations in total dissolved solids at 76 stations

that have a period of record of five years (1953-1957) are presented

graphiceilly on Plates B-20 through B-55 in Appendix B.

Sacramento River Valley (5a)

The Sacramento River flows for a distance of about 390 miles

and drains the Sacramento Valley. The river originates in the Cascade

Range near the base of Mount Shasta, and after passing through Shasta

Reservoir, enters the valley proper below Red Bluff. Approximately 250

miles below Red Bluff, the river enters the Sacramento-Ssm Joaquin Delta

downstream from the City of Sacramento.

The upper reaches of the river are used primarily for recreation.

In the reach between Shasta Dam and the Sacramento-San Joaquin Delta,

municipal, industrial., and agricxiltural uses, in addition to recreational

uses, become the predominant forms of water utilization. A large portion

of the wastes discharged to the Sacramento River during the stimmer months

are from agricultural drainage. The Cities of Redding and Red Bluff

discharge domestic waste, the quality of which is reasonably constsmt

throughout the year. In the City of Sacramento, on the other hand, large

cannery operations contribute wastes mainly during the summer season.

In addition to the foregoing, increasing quantities of industrial wastes

also are discharged to the river.

To maintain a continual check on the quality of the Sacramento

River, 11 monitoring stations have been established between the headwaters

and the mouth. These stations, selected so as to indicate changes in
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quality caused by tributaries and wastes discharged to the river, are,

in downstream order: Sacramento River at Delta above Shasta Lake (Station

11), at Keswick (Station 12), near Redding (Station 12a), at Bend

(station 12c), near Hamilton City (Station 13), at Butte City (Station 87a),

at Knights Landing (Station 1^+), at Sacramento (Station 15), at Snodgrass

Slough (station 97), at Rio Vista (Station I6) and at Toland Landing

(station 15a)

.

With the exception of a heavy metals problem in the vicinity

of the Keswick station, the quality of the Sacramento River was excellent.

At certain times during 1957 these heavy metals were in sufficient

quantities to cause appreciable fish kills. According to the U. S. Fish

and Wildlife Service fish kills were recorded in January, February, and

September 1957- The source of these heavy metals was apparently Spring

Creek, which enters the Sacramento River just upstream from Keswick Dam.*

This creek drains an area occupied by numerous abandoned and operating

mines. The drainage from these mines was very acid and carried in solution

high concentrations of iron, aluminum, copper, zinc, and probably other

toxic metals. When Sacramento River flow reaches Station 12a near Redding,

mixing and dilution, and possibly precipitation usually reduces the heavy

meteils to negligible concentrations

.

Wastes discharged into the Sacramento River, although substantial

in quantity, are diluted to such an extent by good quality water entering

from the western slopes of the Sierra Nevada, that, with the exception

of the previously mentioned mine drainage, no serious impairment has
^|

been evident so far at any of the Sacramento River sampling points. However,

* "Report to State Water Pollution Control Board on Control of Pollution
of Keswick Reservoir", June lU, 1957, Leeds, Hill, and Jewett, consulting
engineers, Los Angeles, California, and "Sacramento River, Keswick Reservoir
and Vicinity, Fall I955 and Spring I956, Stream Survey Report for the
State of California", Academy of Natural Sciences, Philadelphia, Pennsylvania.
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effects of using the Sacramento River as a conduit for receiving irrigation

return water is readily shown by significant differences in conductivity

which appear in a comparison of quality at key stations along the length

of the river. Three such key stations are: Station 12c at Bend, which

is located above most sources of quality degradation; Station ih at

Knights Landing, below most of the sources of irrigation return flow but

above the confluences of the major tributary streams; and Station 15 at

Sacramento, which lies at the entrance to the Sacramento-San Joaquin Delta.

Table 1 shows variations in the flow and quality of the Sacramento River

at these three key stations at two different times during 1957. May 1957

was just prior to full irrigation water use and irrigation drainaige to

the Sacramento River and July 1957 was the time at which the irrigation

season was well under way.

TABLE 1

SACRAMENTO RIVER WATER QUALITY



Veiriations in the quality of the McCloud River above Shasta Lake

(station l8) have been slight since sampling began in April 1951. However,

the highest conductivity for the period of record, I50 micromhos, occurred

in June 1957- The water was calcium bicarbonate in character and suitable

for nearly all uses.

Water samples were collected from Pit River near Canby (Station ITa)

and near the community of Montgomery Creek (Station 1?) • The concentrations

of mineral constituents at Montgomery Creek have varied only slightly since

sampling began in April 1951 > while at Canby, where conductivity ranged

between I50 and 253 micromhos diiring 1957, the concentrations were slightly

lower during 1956 and 1957 as compared to previous years of record. With

the exception of chlorides and magnesixim, the concentrations of all

constituents decreased between the upstream station at Canby and the down-

sti^am station at Montgomery Creek. This drop in salt concentration between

the upper and lower station was probably caused by the introduction of

waters from tributaries which enter the Pit River between the two stations.

A decrease in turbidity, which occurred between the two stations, was

attributed to the settling of suspended solids on the flat hydraulic

gradient in Big and Fall River Valleys.

Surface water seimples collected from Burney Creek near Burney

(station 17c) have shown no appreciable variation in quality since the

initiation of the program in April 1951. The total dissolved solids

concentrations were less than 100 ppm in 1957 (Plate B-22).

Maximum concentrations of many dissolved constituents in

Cottonwood Creek near Cottonwood (Station 12b) during 1957 were noted in

February. Total dissolved solids were approximately I90 ppm (Plate B-27),
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sodium 15 ppoi, chlorides 22 ppm, ajid toteil hardness 12U ppm. These values

do not represent a significant deviation from concentrations fo\uid since

April 1951' The water remained bicarbonate type with calciiun and magnesiiun

as major cations and suitable for most uses.

Variations in the quality of Mill Creek near Los Molinos

(station 88) have been slight since this station was added to the program

in April 1952. During 1957, the water was calcium-sodium bicarbonate in

character with conductivity values ranging between 100 and 213 micromhos.

The water has been suitable for most uses except that boron has often

been present in high enoiigh concentrations to place it in class 2 for

irrigation. The maximum boron concentration for 1957 was O.56 ppn, reported

in January.

Samples of water were collected from Deer Creek near Vina (Station 95)

This water was bicarbonate type with no major cation, class 1 for irrigation,

and met drinking water standards for mineral content. No significant changes

in quality have occurred in this creek since sampling was initiated in

August 1952. In 1957, the total dissolved solids ranged from a low of 60

ppm in March to a high of 192 ppm in September (Plate B-27)

•

Surface water samples from Big Chico Creek near Chico (Station 85),

showed no noticeable change in water quality since sampling began in July

1952. The water continued to be bicarbonate type, class 1 for irrigation

and met drinking water standards for mineral content. Total dissolved

solids have ranged between ko and 2^*0 ppn for the period of record auid

reached a maxlTmam concentration of approximately 150 ppm during 1957

(Plate B-21).

There have been no significant variations in concentrations of

constituents in Butte Creek near Chico (Station 8U) since the beginning of
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sampling in July 1952. It was a calcium bicarbonate type water, class 1

for irrigation, and met drinking water staridards for mineral content.

Total dissolved solids have varied between 35 and 95 ppm for the period

of record and between ^5 emd 85 ppm during 1957 (Plate B-22)

.

Samples of water were collected from the Feather River near

Oroville (Station I9), and at Nicolaus (Station 20). At Station 19, the

concentration of totsJ. dissolved solids ranged between ^5 and 80 ppra in

1957 (Plate B-30) and the concentrations of all other constituents were

correspondingly low. There was practically no salt pickup between the

upstream station near Oroville and the station at Nicolaus . There was

only minor seasonal variations in quality and there have been no appreciable

changes in the quality of the water since the beginning of the program in

April 1951.

Indian Creek , sampled near Crescent Mills (Station 17d), is an

important tributary of the Feather River and joins it upstream of the

station near Oroville (Station I9) • This water was calcium bicarbonate in

character, of excellent quality and suitable for nearly eill uses. No

significant variation in concentration of constituents has been detected

at this station since sampling began in April 1951. Total dissolved solids

ranged between 68 and I80 ppm, reaching the maximum in August 1957 (Plate B-30)

Samples of water collected from South Honcut Creek near Bangor

(station 90) showed total dissolved solids ranging from 75 to 210 ppm during

1957 (Plate B-50), and no significemt change from values reported since

July 1952.

Total dissolved solids ranged between 35 and 90 Ppm (Plate 6-5*+

and 55) in water samples collected from Yuba River near Smartville (Station

21a) and at Marysville (Station 2l) . The water continued to be csilcium
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bicarbonate in character ajid suitable for nearly all uses. There was no

appreciable variation in concentration of constituents between the upstream

and downstream stations and fluctuations in quality have been slight since

sampling began in April 1951.

Water samples collected from Bear River near Wheatland (Station 78)

diiring 1957 indicate no appreciable changes in quality since December 1951

with the exception of seasonal fluctuations. The water was calcium bicarbonate

in character, class 1 for irrigation, axid within drinking water standards

for mineral content. During 1957, total dissolved solids ranged between U5

and 190 ppm (Plate B-21)

.

The flow of Sacramento Slough , which was sampled near Knights

Landing (Station 1^), is made up almost entirely of irrigation drainage

and return flows, and effluent ground waters which enter the slough during

the irrigation season. During periods of heavy rainfall, its flow consists

of storm runoff. When water is flowing in Sutter Bypass, the sloi;igh is

submerged. During 1957, the quality pattern at this station was comparable

to previous years of record. In 1957^ the highest concentration of

dissolved salts occurred in February, reaching 312 ppm. After a low of

80 ppm in March, the concentration climbed to 275 in July (Plate B-U5).

The maximum concentration of dissolved minerals during February resulted from

the low flow in the river.

During 1957, surface water samples were collected from the American

River at Nimbus Dam (Station 22a), at Fair Oaks (Station 22d), and at

Sacramento (Station 22). 'Hiere was no appreciable variation in water

quality from 1955 through 1957. The water in the American River was calcium

bicarbonate in character and of excellent quality, with total dissolved
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solids at Station 22 ranging between 35 and 50 ppm during 1957 (Plate B-20)

.

This narrow range reflects the absence of sources of degradation and the

stabilizing effect of Folsom Dam on quality fluctuations. Daring 195^>

prior to the construction of Folsom Dam, total dissolved solids ranged

between 21 and 7^ ppn. While waste discharges have not as~yet had any

apparent effect on the quality of this water, increased development in

the area between Folsom Dam and Sacramento could have a detrimental effect

on water quality in the future, particularly from a sanitary standpoint.

Surface water samples were collected from Stony Creek near

Hamilton City (Station 13a) during 1957. This water was calcium-magnesium

bicarbonate in character, with concentration of constituents below the

limits for all but the most exacting uses . Conductivity ranged between

260 and 396 micromhos during 1957, reflecting no significant change in

the concentration of constituents of this water since the initiation of

the monitoring program in April 1951'

The water in Colusa Trough , which -is made up of surface runoff

and irrigation return flow from the Colusa Basin, was sampled near Colusa

(station 87). Since sampling began in July 1952, analyses have shown

this water to be sodium bicarbonate in character and moderately to very

hard. Usually during the winter and early spring months the concentrations

of total dissolved solids qualitatively place this water in class 2 for

irrigation. During the balance of the year, the water in Colusa Trough

is class 1. The ranges of hardness and total dissolved solids (Plate B-26)

in 1957 were 96 to 356 ppm and 212 to 820 ppm, respectively.

Clear Lake water samples were collected near Clearlake Oaks

(station ko) and at Lakeport (Station Ul). No appreciable difference in

mineral quality between the two stations has been detected. Conductivity
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ranged between 238 and 28l micromhos during 1957, representing no

significant change from values found since April 1951- Clear Lake is

usually calcium-magnesium bicarbonate and class 2 irrigation water

because of the high boron concentrations which varied between 0.67 and

0.91 ppm in 1957- The Clear Lake region has been long recognized as a

boron area and the relatively high boron concentrations found in the

lake are attributed to the many highly mineralized springs in the area.

Cache Creek , which contains the outflow from Clear Lake, was

sampled near Lower Lake (Station ^2) sind about hO miles downstream near

Capay (Station 80) . The water in Cache Creek near Lower Lake was

essentially the same in character and quality as in Clear Lake . Con-

centrations of most constituents changed markedly, however, between

Station k2 and Station 80. In February 1957, conductivity increased

from 311 to 968 micromhos, chlorides increased from 12 to 1U5 ppm, and

boron concentrations increased from O.8O to 5-00 PPm between the upper

and lower stations . Because of the high boron concentration in Cache

Creek, the water was usually class 2 for irrigation at the upstream

station and often class 3 at the downstream station.

The increase in constituents between Stations i^2 and 80 on

Cache Creek has occurred annually since the inception of the sampling

program in April 1951 and is directly related to the sources of the

flow in Cache Creek. The quality of Cache Creek at Capay results from

the mixing of Clear Lake water, and tributary flows which enter Cache

Creek between the two stations. When the flow in Cache Creek at Lower

Lake is quite low, the quality at Capay reflects the water draining an

area having numerous mineralized springs . A major contributor of mineralized

water. North Fork of Cache Creek is discussed next.
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Cache Creek, North Fork , which enters the main stem about eight

miles below Lower Lake, was sampled near Lower Lake (Station 79)- This

water accounts for some of the increase in concentrations of constituents

in the main stem between Lower Lake and Capay. In the North Fork,

concentrations of dissolved salts were generally higher than in the main

stem. Conductivity ranged between l8l and 563 micromhos in the North

Fork during 1957, indicating a slight improvement in quality over previous

years since the station was added to the program in December 1951-

Relatively high boron concentrations, which ranged from 0.53 to k.& ppm

during 1957) are characteristic of this stream.

In general, concentrations of constituents in Putah Creek near

Winters (Station 81) were significantly lower during 1957 thaji have

previously been reported since sampling began in December 1951- Conductivity,

which was reported as 26l micromhos in September 1957 as compared to 789

micromhos in September 1955 j is illustrative of the improvement in quality.

Boron, which reached a maximum concentration of 0.57 ppm in Jaxiuary 1957,

occasionally causes this water to be class 2 for irrigation. However, it

was well within the limits for class 1 irrigation water during most of

the year. This water is generally suitable for nearly all uses and

consistently meets drinking water standards for mineral content.

Lindsey Slough was sampled near Rio Vista (Station llO). While

concentrations of most constituents in this water were lower in 1957 than

have been reported since September 1952, no cycle or definite trend is

indicated. The water remained calcium-magnesium bicarbonate in character

with conductivity ranging between I65 and 253 micromhos during 1957 as

compared to a range of l6k to 377 micromhos during I956.
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The waters of Cache Slough below Lindsey Sloiagh (Station 110a)

were similar to the waters of Lindsey Sloiigh Doth in character and in

concentration of mineral constituents . The conductivity of this water

ranged between 110 and l80 micromhos during 1957.

San Joaquin River Valley (^b)

The San Joaquin River originates in the Sierra Nevada on the

east side of the Sein Joaquin Valley. It flows in a westerly direction

until it reaches the trough of the valley, then turns north and flows

approximately 150 miles to the Sacramento-San Joaquin Delta. Friant

Dam, which stores water in the foothills, supplies the Friant-Kern and

Madera Canals. During the irrigation season water imported from the Delta

enters the San Joaquin River at the Mendota Pool through the Delta-Mendota

Canal, which at times provides the entire water supply in the reach of

the river between Mendota Pool and Fremont Ford Bridge . The diversions

below the Mendota Pool are so great that during the irrigation season

the river usually goes dry by the time it reaches Dos Palos about 25 miles

downstream. Near Fremont Ford, just above the point where the Merced

River enters the San Joaquin River, the water in the San Joaquin River

consists almost entirely of irrigation return flow. Below this point, the

quality in the river is dependent upon the relative volumes of irrigation

return water and diluting water from the Merced, Tuolumne and Stanislaus

Rivers. Below the confluence with the Stanislaus River, the San Joaquin

River enters the Delta area.

During 1957 > surface water seimples were collected from 21

points on the San Joaquin River (Plate l):
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at Friant (Station 2U)

near Biola (Station 2k&)

at Whitehouse (Station 2Ub)

near Mendota (Station 25)

near Dos Palos (Station 25a)

above Salt Slough (Station 111b)

at Fremont Ford Bridge
(station 25c)

above Merced River (Station 30a)

at Hills Ferry Bridge
(station 25b)

at Crows Lsmding Bridge
(station 26b)

at Patterson Water Company
(station 27a)

near Grayson (Station 26)

at West Stanislaus Irrigation
District (Station 2Tb)

at Maze Road Bridge (Station 26a)

near Vernalis (Station 27)

at Mossdale Bridge (Station 102)

at Brandt Bridge (Station 101a)

at Garwood Bridge (Station 101

)

at San Andreas Landing (Station 112b)

at Jersey Point (Station 28b)

at Antioch (Station 28)

d

Upstream from the Sacramento-San Joaquin Delta, the San Joaquin

River is comprised of two distinctly different waters. Above the Mendota

Pool, the river contains native San Joaquin water. In the reach between

the Mendota Pool near Mendota (Station 25) and Vernalis (Station 27),

the river contains a mixture of large quantities of irrigation return flows,

effluent ground waters, and waters from Merced, Stanislaus, and Tuolumne

Rivers. Downstream from Vernalis the San Joaquin River enters the Sacramento-

San Joaquin Delta complex.

The quality of the San Joaquin River upstream from Mendota Pool

has not changed appreciably since the inception of the surface water

quality monitoring program in April 1951- The conductivity of water at

Frieuit Dam remged between 33 '2 and kj .8 micromhos during 1957.

The concentrations of most constituents in the San Joaquin River

between Mendota Pool and VernaLLis have gradually increased since 1951.

i

-32.



Seasoneil fluctuations in qusLLity in this reach have been significsuit in

past years and are dependent to a Isirge extent on the respective quantities

of flow in the tributary streams smd drainage canals. During 1957, the

conductivity in this reach of the river ranged between 73-9 micromhos neaur

Hendota (Station 25) and 6,l66 micromhos above Salt Slough (Station 111b).

The dilution effect of the Merced, Tuolumne, and Stanislaus Rivers was

evidenced by the decrease in concentration of constituents immediately

below the confluence of the streams . This effect is shown by Table 2 which

lists flow, conductivity, and chlorides at 12 stations in this reach of

the river for January and July 1957. The Merced River is tributary to

the San Joaquin River between Stations 30a and 25b, the Tuolumne River

between Stations 27b and 26a, and the Stanislaus River between Stations 26a

and 27.

Downstream from Vernalis, the quality of the San Joaquin River

is primarily dependent on the export draft of the Tracy and Contra Costa

(CVP) pumping plants and the interrelationship between sea water and the

qusuitity of fresh water outflow from the Sacramento-San Joaquin Delta.

During 1957, samples of water were collected from Salt Slough

at San Luis Ranch (Station 92a) . The waters of this slough consisted of

mixture of effluent ground water, irrigation return water, emd runoff.

The historical data indicates that the quality of this water chsmges

greatly from the winter months when most of the water is effluent ground

water, to the summer months, when irrigation return flows are at the peak.

As an example, the conductivity of water from Salt Slough decreased from

2,196 micromhos in January to 766 micromhos in July with the introduction

of return flows and again increased to 2,000 micromhos in November.
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TABLE 2

SAN JOAQUIN RIVER WATER QUALITY

a - Flow not available

.

t) - Average mean daily flow,

c - Average for month,
d - Instantaneous flow.
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There was a gradual increase in concentration of constituents

in Bear Creek near Stevinson (Station 111) between 1951 and 195^, as

Illustrated by total dissolved solids which reached a maximum of approximately

1,950 ppm in Axigust 195^ and declined sharply to approximately 70 ppm in

January 1955 (Plate B-20) . Early in 1957, the total dissolved solids again

increased, reaching approximately 533 PPm in April. The water has often

been class 2 for irrigation because of percent sodium, which reached 66

percent during 1957, and 68 percent in 1956.

Samples of water collected from Merced River below Exchequer Dam

(station 32a) and near Stevinson (Station 32) during 1957 indicated con-

centrations of most constituents somewhat below those for the 1955-56

reporting period, but closely comparing with values reported between April

1951 and 1955 • The water was csLLcium bicarbonate in character at Station 32a

but changed to sodium-calcium bicarbonate at Station 32. The concentration

of constituents at both stations were within the limits for class 1

irrigation water and suggested standards for drinking water. The 1957

maximum total dissolved solids concentration of I96 ppm, as derived by

means of conductivity vs. total dissolved solids curves, occurred in November

(Plates B-35 and B-36) . Concentrations increased somewhat between the

upstream and downstream stations but the increase was not uniform.

Surface water samples were collected from Tuolumne River below

Don Pedro Dam (Station 31a), at Hickman-Waterford Bridge (Station 30)

,

and at Tuolumne City (Station 31 ) • Chemges in quality between Stations 31a

and 30 and between Stations 30 and 31 were very evident, especially during

periods of low flow. Table 3 shows variations in the flow and quality

during Nfeirch and September 1957. The March values occurred during a period

of relatively high flow while the September values occurred during a

period of low flow.
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TABLE 3

TUOLUMNE RIVER WATER QUALITY

: March 1957 : September 1937
Station Location : Flow": Conductance : Chlorides : Flov/*: Conductance : Chlorides

: (cfs)
:
(micromhos): (ppm) : (cfs)

:
(micromhos) : (ppm)

Don Pedro Dam (31a) 3,l60 ^^5.0 1.0 1,U60 23. U 0.0

Hickman-Waterford
Bridge (30)



as to place it in class 2 for irrigation. The quality of the Tuolumne

River has not changed greatly since the start of the ssunpling program in

April 1951.

During 1957, samples were collected from Stsmislaus River below

Tulloch Dam (Station 29a), and near the mouth (Station 29). No significant

changes in the quality of this water have been detected since April 1951

•

It was usually calcium bicarbonate in character and consistently within the

limits for minereil content in drinking water standards and class 1 irrigation

requirements. There was evidence of salt pickup from the upper to the

lower station. Total dissolved solids (Plate B-51) increased from ^1 ppm

below Tulloch Dam to I7I ppm near the mouth in September 195T, a pickup

of 130 ppm. The increase of other constituents was comparable. This

salt pickup was probably due to the irrigation return flows discharged to

the river.

Water samples collected in 1957 from the Calaveras River at

Jenny Lind (Station l6a) indicate a water of calcium bicarbonate character

and excellent mineral quality. There have been no appreciable variations

in concentration of constituents since this station was added to the

program in June 1951- During 1957, conductivity rsmged between 170 and

292 micromhos

.

Samples of water were collected from Mokelumne River near Lancha

Plana (Station 23a), at Woodbridge (Station 23), below Cosumnes River

(station 23b) and below Georgiana Slough (Station 23c). Concentrations of

mineral constituents in this stream were generally less during 1956 and

1957 than corresponding months of previous years. There was no appreciable

change in quality between the upstream and downstream stations. Conductivity
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in 1957 rajiged between 32.9 and U6 microinhos at the upstream station near

Lancha Plana and between 38'8 and 71.2 micromhos at the downstream station

at Woodbridge. Although it is known that occasionally discharges of wastes

containing heavy metals in high concentrations from the Penn Mine enter

the Mokelumne River upstream from Station 23a, the heavy metsil analyses

made during 1957 showed concentrations well below toxic values for fish

life.

Cosumnes River was sampled nesir Michigan Bar (Station 9^) • This

water was of excellent quality, class 1 for irrigation, and below the limits

of mineral content for drinking water. Conductivity during 1957 ranged

between 55 and IO7 micromhos. The variation in concentration of constituents

since sampling was initiated in July 1952 has been slight.

Sacramento- Setn Joaquin Delta (5c)

Surface water sampling stations have been established on 11 major

waterways in the Sacramento-Saji Joaquin Delta to monitor quality changes

in this area. These waterways, in order of discussion, are:

Delta-Mendota Canal False River
Old River Stockton Ship Channel [
Italian Slo\igh Little Potato Slough

jj

Indian Slough Contra Costa Canal
Rock Slough Delta Cross Channel
Dutch Slough

Water samples were collected from Delta-Mendota Canal near Tracy

(station 93) and near Mendota (Station 92). While the concentrations of

most constituents during 1957 were slightly below those found in 1955 and

1956 at these stations, examination of the analyses of samples collected

since July 1952 indicates no evidence of a general trend in quality change.

During 1957, the water was class 1 for irrigation and met drinking water

standards for mineral content. Conductance ranged from I58 micrcmhos to

930 micrcanhos.
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During 1957, surface water samples were collected from Old River

near Tracy (Station 103), at Clifton Court Ferry (Station lOU) , at Orwood

Bridge (Station I08), at Holland Tract (Station 108a) , and at Mandeville

Island (station 112) . Little change in quality of this water has been

noted since sampling begsm in September 1952. During January, February

and March of 195T, concentrations of most constituents in the samples

collected at Stations lO^i, IO8, and 112 were higher than were foimd during

the remainder of the year. Conductance reached 877 micromhos in March

at Station 108 and was comparable at the other two stations. The mineral

concentrations at Station 103 did not change appreciably during 1957 with

conductance reaching a meiximum of 1,0^*0 micromhos in April.

Conductivity of Italian Slough near the mouth (Station IO6)

reached a maximum of 833 micromhos in February 1957. Each year since

sampling begem in September 1952, the concentration of constituents in

this water has increased significantly during the winter months . Since

this slough has no natural outlet, the water stands and becomes stagnemt

during the winter months. In the summer when pumping is resumed, the

stagnant water is replaced by fresh water. Ttiis effect is not so pronounced

in Italian Slough as in Indian Sloxigh because the sampling station is

located nesir the inlet of the slough and some mixing with Old River water

occurs. During 1957, Italian Sloiogh was a sodium-calcium bicarbonate

type water, class 1 for irrigation use, and met drinking water standards

for mineral content.

Indian Slough was sampled neao* Brentwood (Station I07) . Conduc-

tivity in this slough reached l,k60 micromhos in March 1957 and boron

reached 2.5 ppm in December. The high boron content was probably due to
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effluent ground waters in the area. The concentrations of all constituents

in Indian Sloijgh decreased to within the class 1 irrigation limits after

pumping was resumed. As in Italian Slough, this quality cycle has been

detected each year since September 1952.

During 1957, water samples were collected from Rock Slough near

Knightsen (station 109), Dutch Slough at Farrar Park Bridge (Station 108b)

,

Fsilse River at Webb Pump (Station 112a), Stockton Ship Channel on Rindge

Island (station lOO), Little Potato Slough at Terminous (Station 99),

Contra Costa Canal at First Pump Lift (Station 109a), and Delta Cross Channel

near Walnut Grove (Station 98). These waters vary in character from sodium-

calcium chloride-bicarbonate to calcium-sodium bicarbonate-chloride, and

also vary widely in concentration of constituents . The quality depends

largely on the relative flows in the streams draining the Sacramento and

San Joaquin drainage basins. Conductivity in these waters ranged from a

low of 99.7 micromhos in Little Potato Slough to a high of 1,021 micromhos

in Contra Costa Canal during 1957- No trend in the quality variations

at these stations has been detected during the period of record.

Tulare Lake Basin (5d)

Surface water samples were collected from the Kern River at the

following three stations: near Kernville (Station 36b), below Isabella

Dam (station 36a), and near Bakersfield (Station 36). The waters of this

river were calcium bicarbonate to sodium bicarbonate in character and of

excellent quality. No significant quality changes have been detected

since sampling began in April 1951. The quality at the Kernville and

Isabella stations was essentially the same during 1957. The Bakersfield

station showed slight increases in maximum dissolved solids over the
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other stations. At Bakersfield, the maximiim total dissolved solids

reached 155 ppm while at the other stations it only reached IO9 ppm

(Plate B-32).

The Tule River was sampled near Porterville (Station 91) and

the Kaweah River near Three Rivers (Station 35). These waters were

calcium bicarbonate in character with mineral content within the limits

for class 1 irrigation water and drinking water uses. During 1957

»

conductivity ranged from 157 to 426 micromhos in the Tule River and from

3^ to 158 micromhos in the Kaweah River. There have been no appreciable

variations in the quality of these waters for the period of record.

There has been little variation in the concentration of most

constituents in the Kings River since it was first sampled in April 1951-

Samples collected from the three stations; below North Fork (Station 33c),

below Pine Flat Dam (Station 33b), and below Peoples Weir (Station 3^^)

;

indicate a water of calcium bicarbonate character, suitable for most

uses and with only minor salt contribution from hesuiwaters to mouth. This

is illustrated by the samples collected in June 1957 when the electrical

conductivity was reported as 17. 6 micromhos below North Fork, 28.8 micromhos

below Pine Flat Dam, ajid U0.3 micromhos below Peoples Weir.

Lahontan Region (No. 6)

During 1957, surface water samples were collected from eight

monitoring stations (Plate l) , as indicated in the following tabulation:

Susan River (l) Truckee River (2)

Lake Tahoe (3) Mojave River (2)

The surface waters of this region are bicarbonate in type with

calcium as the major cation. The quality of these waters has displayed

remarkable stability in that there has been little seasonal and yearly
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variation in concentration of constituents since sampling was initiated

in April 1951' With the exception of Mojave River, hardness and totsd

dissolved solids were both less than 100 ppm in 1957- Monthly variations ii

in total dissolved solids at seven stations that have a period of record

of five years (1953-1957) are presented graphically on Plates B-56 throiigh

B-59 of Appendix B.

During 1957 the water of Susan River at Susanville (Station 1Tb)

was of excellent quality and suitable for most uses . It was calcium

bicarbonate in character and contained total dissolved solids ranging

between ^^5 and 1^ ppn during 1957 (Plate B-58) . There has been no

appreciable variation in quality since sampling began at this station in

April 1951.

Lake Tahoe samples of water were collected at Bijou (Station 39)

>

at Tahoe City (Station 38), and at Tahoe Vista (Station 37). The water

of this laJce was calci\am bicarbonate in character, of excellent mineral

quality and suitable for most uses. Conductivity in the lake ranged

between 68 and lO^i micromhos during 1957, with no appreciable variation

between stations. There have been no significant changes in the quality

of this water since sampling began in April 1951-

During 1957 there was no appreciable change in quality of the

Truckee River between the upstream station near Tmckee (Station 52) and

the downstream station near Farad (Station 53). It was a bicarbonate

type water with calcium as predominant cation. Conductivity remged

between 55 and IO6 micrcanhos during 1957. Quality variations have been

insignificant on the Tmickee River since the beginning of the program in

April 1951.
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Mojave River was sampled near Victorville (Station 6?) and at

The Forks (Station 67a) . Station 67a was added to the stream sampling

program to monitor the upper reaches of Mojave River. The new station

was established in June 1957, and is located immediately below the

confluence of the West Fork of Mojave River and Deep Creek.

During summer months, surface flow in the West Fork usually

ceases, and Deep Creek remains as the source of surface flow in the

Mojave River. For the greater part of the year 1957, surface flow

infiltrated into the river sands below Victorville . In years when runoff

is above normal, surface flow is continuous from the Forks to beyond Victor-

ville, and at times even to Soda Dry Lake near Baker.

Comparison of analyses of samples from the two stations showed

that the water at the Forks was of better quality than the water at

Victorville. Conductivity ranged between 387 and ^92 micromhos at Station

67 and between 25O and 5*^ micromhos at Station 67a. The character of the

water at both stations was bicarbonate in type, with csilcium and sodium

the predominant cations.

Waters at both stations were suitable for most beneficisd uses,

met drinking water standards for mineral content and were class 1 for

irrigation. Analyses obtained at Station 67 since the initiation of the

stream sampling program in 1951, show that the quality of the water has

chsmged very little

.

The City of Victorville discharges seweige to oxidation ponds in

the vicinity of the Mojave River upstream from Station 67- Little or no

effect on the mineral quality of the water has been detected from this

operation

.
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Colorado River Basin Region (No. 7)

Water samples were collected In the Colorado River Basin In

1957 from 1^ surface water monitoring stations (Plate l), as indicated

in the following tabulation:

Alamo River (2)

New River (2)

Colorado River (6)

All American Canal (l)

Whitewater River (2)

Salton Sea (l)

The Colorado River Basin Region of California is a typical desert

area of Southern California. The quality of surface waters varies widely

due to high content of soluble minerals in the soils, high evaporation rates,

and sparse precipitation. The concentrations of most constituents in the

Alamo and New Rivers have generally increased since sampling began. No

significant cheuige has been detected In the quality of the waters of the

other monitored streams in this region. Occasional heavy rains often

resiilt in flash floods of short duration. Rain runoff, although high

in silt content, is generally of good mineral quality. Except for the

Colorado River, natural surface streams in this region are usually dry

throughout the year. A graphical presentation of monthly variation in

totsQ. dissolved solids at six stations that have a period of record of

five years (1953-1957) can be found on Plates B-60 through B-62 of Appendix B.

The Alamo and New Rivers , which enter the United States from

Mexico and flow into the Salton Sea, continue to carry Irrigation return

water, sewage, suad canaJ. spills from the All American Canal and distribution

canals of the Imperial Irrigation District. The New River still presents a

serious water quality problem because of Industrial waste and raw sewage

discharges from the City of Mexlcali in Mexico. Bacterial counts remained

high. Several raw sewage discharges within the United States into the Alamo

and New Rivers continue to impair the quality of these waters

.
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Alamo River water, which was sampled at the International Boundary

(station 59) and near Calipatria (Station 6o), varied in character from

sodium chloride to sodium chloride - sulfate . The water was not of recommended

mineral quality for domestic use and was usually class 3 irrigation water.

In 1957, the electrical conductivity of samples collected at Station 59

ranged from 3,891 to 6,^52 micromhos, while samples at Station 60 ranged

from 2,985 to k,0k8 micromhos. Boron ranged from 1.00 to I.98 ppm at

Station 59, and from O.^tO to 0.68 ppm at Station 60. A study of available

quality records for these stations indicates a gradual increase in

dissolved salts since sampling begsin in April 1951 •

New River was sampled at the International Boundary (Station 57)

and near Westmorland (Station 58) . Comparison of 1957 analyses of samples

from these two stations with previously reported analyses of the past six

years revealed no significant change in the mineral quality of this water

in 1957. The water at both stations remained sodium chloride in character.

It was not of recommended quality for domestic use and was class 3 irrigation

water. The electriceLL conductivity of waters sampled during 1957 at

Station 57 ranged from ^,^5 to 7,^2 micromhos and at Station 58 varied

from 3,921 to 5,102 micromhos. Boron content of samples from Station 57

ranged from O.76 to 1.46 ppm, while those from Station 58 varied from

0.76 to 1.10 ppn.

The Colorado River was seunpled at the following six points in

1957: near Topock, Arizona (Station 5U), at the Metropolitan Water District

intake on Lake Havasu (Station 56d), at Parker Dam (Station 55), near

Blythe (Station 56c), at Yuma, Arizona (Station 56), and. below Morelos Dam

at the United States-Mexico border (Station 56b) . Water at these stations
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was sampled in May and September, except at Lake Havasu, which was sampled

monthly by the Metropolitan Water District of Southern California. The

predominant cations in Coloreulo River water were calcium and sodium, and

the predominant anion was sulfate. No significsuit changes in mineral

character or quality were detected in samples collected at the Colorado

River sampling stations during 1957, when compared with sinalyses of

previous years of record. Colorado River water remained in the "very hard"

category with hardness ranging between 350 and 486 ppm. The sulfate content

of this water, which reached a maximum of kok ppn in 1957, usually exceeded

the recommended concentration of the United States Public Health Service

drinking water standards. The total dissolved solids content of the two

samples collected in 1957 at Stations 56 and 56b were reported as l,0l6

and 1,023 ppm; and as 1,090 and 1,029 Ppm, respectively. These total

dissolved solids values exceed the recommended concentration for drinking

water and place the water in class 2 for irrigation.

Comparison of ansLLyses showed a significant increase in each of

the mineretL constituents as the waters moved downstreeim toward Mexico. This

mineral pickup was probably due to reduction of flow through consumptive

use, evaporation, and inflow of salts from return irrigation water and

waste discharges.

The All American Canal , which was sampled near Pilot Knob (Station

56a), conveys water from the Colorado River at Imperial Dam to the Imperial

and Coachella Valleys for irrigation use. The water at this station is

usually poorer in mineral quality than the river water at Blythe, but better

than the minersO. quality of the river water at Yvuna. No significant change

in quality has been detected during the period of record. All American Canal
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water remained class 2 for irrigation use because of excessive electrical

conductivity, which reached 1,351 micrcmhos in May 1957. The sulfate

content of this water usually exceeded the recommended standard for drinking

water.

Whitewater River was sampled at Whitewater (Station 68) and at

Mecca (Station 68b). There has seldom been any flow during the summer

months at Station 68. When surface flow diminishes below a certain amount,

water is pxunped from wells upstream from Station 68 and discharged to the

river channel to supplement the natural flow. The entire flow of the river

is then diverted and conveyed south to the vicinity of Palm Springs . During

1957, surface water at Station 68 was calcium bicarbonate in character and

rajaged from moderately hard to very hard. Conductivity at this station

ranged between U05 and U83 micromhos . It was class 1 irrigation water,

and met drinking water standards for mineral content. Comparison of

1957 analyses of samples from Station 68 with those of prior years showed

no significsuit change in mineral quality.

In July 1957, the station on the Whitewater River at Mecca

(station 68b) was added to the surface water quality monitoring program

to monitor the drainage and storm ninoff from Coachella Valley. The most

accessible site on the Whitewater River near its outlet to the Salton Sea

was selected for this station. Except during infrequent periods of heavy

precipitation, flow in the Whitewater River extends northwesterly from its

outlet only to the vicinity of Indio. This flow consists chiefly of

irrigation return euid drainage wastes . The water at this station was

class 3 irrigation water during 1957, and did not meet drinking water
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standards for mineral content. The water was sodium sulfate-chloride

in character and was extremely hard. The total dissolved solids content

of this water usually exceeded 2,000 ppm and reached approximately 2,800

ppm in December 1957- Sulfates, also characteristicsdly high in this

water, were reported as 777 ppn in September 1957. A portion of the treated

sewage from the City of Indio is discharged to the Whitewater River

approximately l6 miles above this station.

Salton Sea was sampled near the north end at Salton Sea State

Park (station 68a) . Salton Sea is situated between Coachella and Imperial

Valleys. It receives the waste, surface, and drainage waters of these

valleys. During 1956 and 1957 j the surface elevation of Salton Sea

appeared to be stabilizing following an extensive period of rise. Evapora-

tion from its surface is approximately six feet of water annually.

Salton Sea water contained about 3^>300 ppm total dissolved

solids in 1957. This water was sodium chloride in character and similar

to ocean water. However, its calcium and sulfate contents were greater,

and chloride content was less than that of ocean water. No significant

change in the mineral quality of Salton Sea water was discernible during

1957, but increases in salt content can be anticipated in the future. The

1957 quality of this water was not appreciably different from previous

years of record.

Santa Ana Region (No. 8)

During 1957, samples were collected at eight surface water

monitoring stations in the Santa Ana Region (Plate l), as indicated by

the following tabulation:
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Santa Ana River (k) Chino Creek (l)

Warm Creek (2) Lake Elsinore (l)

Runoff from this region during 1957 was less than 50 percent of

the long-time mean annual runoff. During 1957, conductivity rsu:iged between

208 micromhos in Santa Ana River near Mentone (Station 511)) and 35,399

micromhos in Leike Elsinore near Elsinore (Station 89) . Little or no

deterioration in quality of vater was noted in comparing 1957 emalyses with

those of earlier years. The quality of surface water improves noticeably

in periods of high flow, when better quality rain runoff contributes to

the normal flow.

Monthly variations in total dissolved solids at seven stations

that have a period of record of five years (1953-1957) are presented

graphically on Plates B-63 through B-65 of Appendix B. Lake Elsinore

(station 89) is not presented in this fashion because of a long period

of dryness in the lake.

The Santa Ana River was sampled at the following four stations:

at Mentone (Station 51b), at Riverside above both the Metropolitan Water

District blowoff and Riverside sewage treatment plant (Station 51d), at

Norco (station 51e), and near Prado Dam (Station 51a).

Sajita Ana River water quality showed a slight improvement in

1957 over previous years since 1951 when sampling was initiated, principally

because no Colorado River water v&s discharged into the natural stream

flow from the Metropolitan Water District blowoff near Arlington. Since

October 1956, deliveries of raw Colorado River water to Orange Coxinty

have been made to Santiago Reservoir or discharged to Santa Ana River,

which are about six miles below Prado Dam (Station 51a).
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In 1957, the character of water in the Santa Ana River varied

from calcitun bicarbonate above Riverside to generally calcium- sodium

bicetrbonate-chloride at and below Norco.

Surface water near Mentone (Station 51h) continued to be class 1

irrigation water and met drinking water standards for mineral content. The

water ranged from soft to moderately hard, with the maximum being 101 ppm

in September 1957. The character was generally calcium bicarbonate with

magnesium and sodium as secondary cations. Total dissolved solids at this

station did not exceed 200 ppn during 1957 (Plate B-63) . The quality of

the water at this station was excellent and showed little effect from

the recreational developnents in the headwater drainage area above this

station

.

Water in the Santa Ana River at Riverside (Station ^lA) showed

increases in mineral constituents in 1957 over the previous six-year averages.

Total dissolved solids content ranged between 565 and 76O ppm (Plate B-6k)

and hardness ranged from 278 to 365 ppm. The water was calciiim bicarbonate

in character. Although the water at this station has usually been class 1

or 2 irrigation water, based primarily upon total dissolved solids, it has

met drinking water standards for mineral content. Warm Creek tributary

inflow, which carries some sewsige treatment plant effluent, discharges to

the Santa Ana River channel above this station, and there are some irrigation

return water discharges upstream from this station. These waste waters

were the probable cause of the increase in mineral content of the water

at this station over that at Jfentone

.

Santa Ana River at Norco (Station 51e) has shown a slight improve-

ment of water quality since its addition to the program in September 1955-

The water was ceilcium-sodium bicarbonate-chloride in character and very hard.
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Electrical conductivity, which reached a maximum of 1,115 micromhos in

1957, placed this water in class 2 for irrigation, though all other factors

indicated it to be suited for most crops, "nie water samples collected at

this station in 1957 niet drinking water standards for minereLl constituents.

Effluent from the City of Riverside's sewage treatment plant, although

normally conveyed downstream for irrigation use, was on rare occasions

discharged to the river above this station.

Samples of water taken from Ssuata Ana River near Prado Dam

(station 51a) in 1957, showed a slight improvement in water quality over

previous years since 1951 • The character of the water was calcium- sodium

bicarbonate-chloride, with temporary variations in prominence of anion

constituents. The water was very hard, and was class 1 irrigation water

except at times electrical conductivity, with a maucimum of 1,038 micromhos

in 1957 slightly exceeded the stanaard limit for this class. Although

mandatory drinking water standards for mineral content were met, total

dissolved solids which ranged from 506 to 686 ppm (Plate B-6k) exceeded

the nonmandatory (desirable) limit of 5OO ppm. The City of Chino sewage

treatment plant discharges its effluent waste to Chino Creek, which is

tributary to Santa Ana River above Prado Dam. There was little change

in minersG. content between Station 51e, at Norco, and Station 51a'

Warm Creek was sampled at two points: at San Bemandino (Station 50c),

and at Colton (Station 50b).

Warm Creek at San Bemeindino (Station 50c), upstream from the

San Bernardino sewage treatment plant, is sampled to monitor the natural

flow of the creek. Virtually aJ.1 natursJ. flows were diverted below

Station 50c into Meeks and Daley Canal, to be used for irrigation during 1957.
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The quality of natural flow has remained about the same since 195'+> when a

general increase in the concentration of most constituents over previous

yesLTS was noted. The water was genered.ly calcium bicarbonate in cheiracter

and varied from soft to very hard in 1957. Total dissolved solids ranged

between 296 and k'^S PPn (Plate B-65). It was class 1 irrigation water

and met drinking water standards for mineral content

.

Warm Creek at Colton (Station 50b) is ssunpled to monitor the

effect of San Bernardino sewage treatment plant effluent on surface water

quality in Warm Creek. The sewage effluent was formerly diverted into

Riverside Canal for irrigation use; however, in 1957> it flowed to the

Santa Ana River. There was no apparent change in mineral quality in 1957

from previous years. Its character was generally sodium-calciiom bicarbonate-

chloride. Total dissolved solids ranged between 37^ and 58^ ppni during

1957 (Plate B-65). The water was class 1 irrigation water and met

drinking water standards for mineral constituents. The water was moderately

hard to very hard.

Chino Creek near Chino, at Pine Avenue (Station 86) is sampled

to monitor the effects of the effluent wastes of Chino sewage treatment

plant. During 1957, the flow at this station consisted chiefly of this

effluent except during periods of rain runoff. Analyses of samples tsiken

at this station in 1957 indicated no significant chauige in quality from

previous years. The water remained calcium- sodiiom bicarbonate in character

and was very hard. It was usually class 1 irrigation water, although at

times electrical conductivity, which was 1,006 micromhos in April 1957

>

slightly exceeded the upper limit of class 1.
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Lake Elsinore near Elsinore, at north shore, (Station 89) was

dry for 11 months prior to the time of sampling in February and March 1957.

Rains of January and Febmiary 1957 left a thin layer of water on the lake

bottom. Total dissolved solids exceeded 20,000 ppm in the two samples

collected in 1957- The quality of water in this lake has been quite

variable during the period of record. However, in all cases it has been

found to be class 3 irrigation water.

San Diego Region (Ho. 9)

During 1957j samples were collected from six of the seven

sampling stations in the San Diego Region (Plate l) . One sampling station

was dry throioghout 1957 • These sampling jKJints are indicated in the

following tabulation:

Santa Margarita River (l) Sam Diego River (l)

San Luis Rey River (l) Forester Creek (l)

Escondido Creek (l) Tia Juana River (l)

San Dieguito River (l)

During 1957, drouth conditions prevailed throughout the San

Diego Region. Eleven reservoirs of the City of San Diego held only lit.5

percent of their storage capacity on October 1, 1957- The Metropolitan

Water District imported Colorado River water at about the maximum rated

capacity of the two existing conduits. Construction of a third barrel

was authorized in early 1957.

Monthly variations in total dissolved solids for four stations

that have a period of record of five years (1953-1957) are presented

graphically on Plates B-66 and B-67 of Appendix B. These graphs are not

presented for the stations on the Sbji Dieguito ajid Tia Juana Rivers

because of extensive periods of no flow.
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Samples collected from Santa Margarita River near Fallbrook

(station 51c) in 1957 showed that the water continued to be sodium

bicarbonate-chloride in character emd very hard. It was class 2 for

irrigation use during 1957 with conductivity ranging between 1,226 and

1,592 micromhos. It met drinking water standards for mineral content,

except at times when chlorides, which ranged between 1^+8 and 27 *+ ppn,

exceeded the recommended limit . Water quality at this station in 1957

showed a slight improvement over that of the previously rejxjrted period

(1955-I956) , but the concentration of most constituents remained higher

than the period 1951 through 195 ^^^ Santa Margarita River had a year-

round surface flow, but summer discharges were very small.

Sail Luis Rey River was sampled near Pala (Station 62). This

sampling point is at a diversion dam which at times of flow diverts the

entire flow in the river. The analyses of samples collected at this

station in 1957 show a calcium-sodium bicarbonate-chloride type water which

was very hard and, in general, comparable in quality to that found in

previous years of record. Conductivity ranged between 6^1 eind 762 micromhos

during 1957. It was class 1 irrigation water and met drinking water

standards for mineral content. Due to drought conditions prevailing in

1957^ the river was dry in September and October for the first time since

the establishment of the statewide stream sampling program in 1951-

The flow of Escondido Creek near Harmony Grove (Station 63)

usually consists of City of Escondido sewage treatment plant effluent and,

at times, stone quarry cooling water containing cutting waste. In 1957

>

a small earth dam 200 yards downstream from this station remained in place

throughout the year and stored ninoff . Ponded waters at times during 1957

i
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extended upstream beyond the station. During these periods, water sajnples

were collected from the area of the pond effected by the inflow. The

creek did not dry up during the summer of 1957 as it has in previous years.

The concentrations of most constituents in this water during 1957 were

slightly lower than values reported in 1956, but were about the same as

those reported during previous years of record. Water at Station 63 was

sodium chloride-sulfate in character and was very hard. It was class 2

irrigation water during 1957 due to conductivity which rajiged between

1,218 and 2,2^7 micromhos ajid chlrodes which rsmged between 173 and 353

ppm. The chloride concentrations at this point usually exceeded both the

class 1 irrigation limit and the recommended limit for drinking water.

Sam Dleguito River below San Pasqual Valley (Station 6k) was

dry during 1957, continuing a condition which has existed since June 195^,

when it was last ssimpled.

San Diego River was sampled at Old Mission Dam (Station 65)

.

In February and March 1957, San Diego River carried storm water ininoff

.

During the remainder of the year, water was ponded above and below the dam,

and samples were collected from the downstream pond.

Analyses of 1957 samples show that the character of the water

continued to be sodium chloride emd that the water was very hard. Conductivity

ranged between 2,137 and U,098 micromhos and chlorides ranged between U08

aiad 1,060 ppm. It was class 2 irrigation water and usually exceeded

recommended limits for totaJ. dissolved solids and chloride concentrations

in drinking water. The concentrations of most constituents in this water

in 1956 and 1957 were about the same and indicate a general degradation

of the quality found since April 1951*
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Forester Creek at Mission Gorge Road (Station 65a), in San

Diego River Valley, was established in June 1957 > to monitor the quality

of runoff from El Cajon Valley. The City of El Cajon discharges its

sewage plant effluent to this creek channel. It flows in a northerly

direction to the San Diego River channel.

Analyses of 195T samples show the creek water at Station 65a to

be sodium chloride-sulfate in character and very hard. It was usually

class 2 or 3 irrigation water, with conductivity ranging between l,7l8 and

2,3^+2 micromhos, chlorides ranging between 312 and kk8 ppm, and boron

ranging between 0.2U and I.05 ppm. The chloride and total dissolved solids

content of this water has usueJ-ly exceeded recommended limits for drinking

water. Bacterial counts were generally high.

Tia Juana River at the International Boundary (Station 66)

was dry, except in Jemuary and November 1957. Rodrigues Reservoir, ten

miles upstream from the station, controls practically all of the surface

runoff above this station.

Analyses of the two samples collected in 1957 showed that the

character of the water continued to be sodium chloride . These analyses

also showed that the river water was class 1 for irrigation, with 935

micromhos conductivity reported in January, and 715 micromhos reported

in November. The water was moderately hard, and it met the recommended

drinking water standards for mineral constituents. The concentration of

constituents in the two samples collected in 1957 were significantly lower

than concentrations found in previous years of record.
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The brief flows in 1957 carried trash and some domestic wastes

from the portions of the City of Tijuana adjoining the river channel.

Bacterial counts were high, and it is suspected that there may be niimerous

waste discharges to the river channel in Mexico.
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15 Sacram
15a Sacram
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Field Methods and Procedures

Water samples are collected in May and September each year for

stemdard mineral, and heavy metals analyses and radiological assay. Water

samples are collected the other ten months for partial mineral analysis.

Duplicate samples are collected monthly for bacterial examination and are

kept in portable ice boxes until mailed to the laboratory in special con-

tainers. Every effort is made to get the samples to the laboratory as

quickly as possible.

At the time the samples are collected for laboratory examination,

field determinations are made for dissolved oxygen (modified Winkler method),

water temperature and pH. Visual inspection is made of the stream or lake

smd the physical conditions are noted.

Where possible, the sampling stations have been selected at

bridges to permit the collection of the sample from the center of the

stream. When bridges are not available, the sample is collected from

the bank of the stream. Where water depth permits, the mineral and dissolved

oxygen samples are collected with aji integrating sampler which obtains a

representative sample of the vertical cross section of the stream. Bacterial

samples are collected by inverting a sterilized bottle and dipping at

least four inches below the surface

.

Where possible, the sampling stations have been selected so as

to be at or near stream gaging stations so that gage heights can also be

recorded at the time the water samples are collected. Instantaneous stream

discharges at the time of sample collection are then obtained. In cases

where instantaneous discharges are not available, mean daily discharges

are used.
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Agencies participating in the field sampling program are listed

below, together with the number of stations sampled monthly by each agency:

Niimber of
stations

Agency sampled

Department of Water Resources 121

Department of Public Health, Bureau
of Sanitary Engineering 23

State Water Pollution Control Board 3

Department of Fish and Game 1

United States Bureau of Reclamation l8

United States Corps of Engineers k

United States Geological Survey 6

Metropolitan Water District of Southern California 2

City of San Bernardino 2

City of Los Angeles, Department of Water and Power 1

City of Los Angeles, Department of Public Health 1

City of Long Beach, Department of Public Health 1

Total 183

Laboratory Methods and Procedures

Mineral amalysis and determination of heavy metals are performed

by the Water Quality Brsmch of the United States Geological Survey, and by

the Department of Water Resources laboratories located in Sacramento,

San Bernardino, and Riverside. Bacterial examinations are made by the

California Department of Public Health, Division of Laboratories, in

Berkeley and Los Angeles.

Methods of mineral and bacterial analysis, in general, are those

described in the American Public Health Association publication entitled

A-
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"standard Methods for the Examination of Water and Sewage", 10th Edition,

1955. In some cases the methods described in the following publications

also have been employed:

(1) U. S. Geological Survey, "Methods of Water Analysis", 1950,

(2) California Department of Water Resources, "Tentative
Methods of Water Analysis", September I96O.

Table A-1 indicates the constituents analyzed in connection with

this program:

TABLE A-1

Types of Analyses

I 7T~ 7 : Standard: Partial: _ ~ 7~7T~~7~, '. T"
Constituent . ^ . , Bacterial Radiological

: mineral : mineral: :

Specific conductance (ECx10^25°C) X X V
ra „ -,

(ECxlO^;

Total dissolved solids (TDS)

Percent sodivim (/^Na)

Hardness
Turbidity
Coliform
Temperature
Dissolved oxygen (D.O.)
Calcium (Ca)

Magnesium (Mg)
Sodiiun (Na)

Potassium (K)

Carbonate (CO3)

Bicarbonate (HCO3)
Sulfate (SOi^^)

Chloride (Cl)

Nitrate (NOi^)

Fluoride (F)

Boron (b)

Silica (Si)

Phosphate (POi^)

Zinc (Zn)'^

Iron (Fe)c

Copper (Cu)^
Alumin\m (A1)

Manganese (Mn)

Arsenic (As)'^

Hexavalent chromium (Cr'*"")^

Dissolved alpha X
Solid alpha X
Dissolved beta X
Solid beta X

a. pH determined both in the field and in the laboratory.
b. Field determination.
c. These constituents are normally designated as heavy metals.
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Radiological assays are performed by the California Disaster

Office's laboratory in Sacramento using the procedures set forth below:

Procedures and Interpretation of Results*

for Water Pollution Radioassay

I. ANALYTICAL PROCEDURES

A. Sample Preparation

1. Samples are collected, where possible, from the center of the
stream in one-half gallon jugs during the routine stream sampling
program

.

2. On receipt in the laboratory, each sample is well mixed, and
two 250 ml aliquots taken. Each is acidified with a few drops
of glacial acetic acid, and two drops of colloidal graphite
suspension (Aquadag) added.

3. The aliquot is filtered under suction through a membrane
( "Millipore") filter, which retains suspended particulate matter
of approximately 0.2 microns diameter and larger. Filters are
treated with an antistatic preparation (Merix Anti-Static
No. 79-01') to eliminate any extraneous electrostatic charge.

h. The filtrate is placed in a 250 ml voliimetric flask, inverted
and the mouth placed in a 1-^/^" x l/k" aluminiim culture dish
in a "chicken- feeder" type arrangement. The flask is supported
by a ring stand; the dish rests on a hotplate adjusted so that
the sample is taJcen to dryness at a temperature well below
boiling.

5. At this point there are duplicate samples of both suspended
solids and dissolved material from each original water sample
ready for determination of radioactive content.

B. Counting Techniques

1. Two determinations are made on each sample, one for gross beta,

and one for gross alpha radioactivity. This represents a total

of eight determinations for each original sample.

2. Beta activity is determined with an internal gas flow counter
operating in the proportional region, using argon-methane
mixture as a flow gas. Background determinations are made before
the first sample count each day, and then after each two sample

counts throughout the day. Determinations of coiinter efficiency

* Prepared by California Disaster Office, Radiological Service,

revised September 11, 1957.
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are made with a reference stsmdard (thalliiun - 20U) at least
twice daily. Each determination of sample smd background
count rate is made for a total of U,096 counts.

3. Alpha activity is determined with a scintillation counter
utilizing an activated zinc sulfide phosphor sample . Back-
ground aiid efficiency measurements are made in the same
manner as are the beta measurements except that pQlonium -

210 is used as an alpha reference standard and each determina-
tion of sample sind backgroiind count rate is made for a pre-
set time of 32 minutes. Since samples are r\m in duplicate,
the total time for each sample count and background determina-
tions is 6h minutes.

Calculations

I

1. Results are expressed as micro-micro curies per liter (uuc/l).
One micro-micro curie is equivalent to 2.22 disintegrations per
minute. Four values are reported for each sample: (a) beta r,

activity in the solids retained on the filter, (b) beta J

activity in the filtrate (dissolved material), (c) alpha
activity in the solids, and (d) alpha activity in the filtrate.

2. Sample counts are corrected for background and geometric
efficiency.

3. Standard statistical procedures are utilized to compute the
0.9 error. The final result is expressed (symbolically) as

X ± y mic/l. This means that in a series of determinations
on the same sample, the value of x should fall between x - y
and X + y, 90^ of the time.

k. In cases where zero or negative values are included between the
limits of X + y and x - y the result is reported as 0.

II. LIMITATIONS OF MEIHODS EMPLOYED
|

A. Sample Preparation

A perfect sample for determination of radioactive content would be

infinitely thin, and would contain all of the constituents of the
original material except the water.

In practice, those criteria are virtually impossible to attain.
Essentially infinitely thin samples can be prepared only from water
with low solid and dissolved salt content. Some solid and dissolved
materials are adsorbed on the walls of vessels used in sample
collection and preparation. Volatilization and losses from
spattering during volume reduction cannot be completely avoided.
Thus, obviously, radioassay results are dependent upon sample
preparation techniques

.
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B. Nature of the Radioactive Disintegration Process
and the Measurement thereof

At least three basic phenomena make the exact determinations of
low levels of radioactivity extremely difficult. These are:

1. The random nature of the radioactive disintegration process
limiting the accuracy of any determination because of
statistical fluctuations inherent in the counting data.

2. The low ratio of sample count to background count. Any detector
of rsidioactivity always measures (in the absence of an active
sample) at a certain - and not always constant - level, which
is termed the background radiation level. This is caused by
cosmic radiation, traces of naturally occurring radioactive
materials, and sometimes by "noise" characteristic of the

electronic equipment used. In making determinations on samples

in which the counting rate is only slightly higher than the

background counting rate, inherent errors are relatively large.

3. Self-absorption. Unless samples are essentially infinitely
thin, alpha and low-energy beta radiation arising from the lower

layers of the samples may not penetrate the upper layers, and

thereofre remain \indetected.

Corrections can be made for self-absorption when dealing with
known radioisotopes. In cases where the contaminant is not

identifiable, these corrections cannot, as a rxile, be made.

Calculations

There are three factors which can lead to errors in the reported

results. These are:

1. Geometric efficiency. This factor is determined using arti-

ficial standards. These are not prepared in the same manner as

samples. Also it is possible that the energy of radiations

emanating from the two standards may be significantly different

from the unknown. Both of these considerations make the factors

used rather artifical, and somewhat in error. It is not

possible to determine the magnitude of this error, although it

is probably not large in most cases.

2. Errors in sample count. Reasons for this were discussed in

Sections A and B above.

3. Errors in confidence limits. Statistical computations made are

based on the Gaussian approximation of the Poisson distribution

law. At low count rates this approximation is subject to error.
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The calculated confidence limits are based solely on statis-
tical fluctuations caused by the random nature of the radio-
active disintegration process. It is assumed that coiints

produced by background radiation and by electronic noise are
also random.

All of the foregoing would tend to indicate that absolute determination
of low levels of radioactivity is impossible. This is true, but by
talking every possible measure to reduce sources of error, it is possible
to obtain a relatively accurate measure of these low levels. As activity
levels increase from neaj: background, the precision of measurement
increases correspondingly.

III. LIMITS OF DETECTABILITY

A. Minimum Detectable Levels

1. Beta Activity. Equijanent and techniques used are such that the
minimum reliably detectable beta activity amounts to 7-8 |i|ic/l.

2. Alpha Activity. Due principally to lower levels of alpha
background radiation, alpha activity of the order of 1 |i^lc/l

can be reliably detected.

There is one situation in which it is not possible to report such small
amounts of activity. Some stream samples contain particulates of an

amount and size distribution that causes the filter to clog. In such
cases, it is not possible to filter a full 250 ml sample. Consequently,
in applying the volume factor (see Sample Calculations) to subsequent
calc\ilations, a large error is introduced.

B. Minimum Detectable Changes in Levels of Radioactivity

Knowing minimum detectable quantities of radioactivity, it is then
pertinent to inquire as to the minimum increases above these which
can be reliably measured. It is not possible to assign fixed values
here, but it amounts to about 2 Wic/l for beta, and 0.3 M^c/l for
alpha contamination.

IV. INTERPRETATION OF RESULTS

The various factors which limit the accuracy of measurement shoiild be
kept in mind in making interpretations of results. These factors are

of considerable consequence for determinations which are only slightly
above the background level, which is generally the case here.

The maximum concentration of radioactive contaminants of unknown nature
in drinking water has been set at 100 |i|ic/l. In this study, levels this
high are generally not expected. The purpose is to establish a base-line
or background level, and to provide a continuing check to determine if

and when increases occur as a result of rapidly expanding peacetime uses
of radioactive materials

.
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SAMPLE CALCULATIONS

Rs = Average count rate of duplicate samples = 55 counts/minute

Rb = Average count rate of background determinations = 50 counts/minute

Net count = Rs - Rb = 55 - 50 = 5 counts/minute

t = time of sajnple count = time of backgrotmd count 6k minutes

Activity = 5 c/m x k (volume factor to put on a liter basis) = l8.0 kinc/l

0.5 (geometric efficiency factor) x 2.22 d/m/nnc

0.9 confidence level = 1.6^5 x

= 1.645 X

Rs + Rb

ts t.

55 + 50

=2.1 counts/minute

2.1 X k =7.6 Wic/l
.5 X 2.22

Thus the activity of this sample is l8.0 ± 7.6 mic/l.

This means that in a series of detemiinations on this sample, 90^ of
the time the value would fall between 10. U and 25.6 uuc/l.

This basic formula is used for alpha and beta determinations. For

alpha, ts and tb are constant. For beta, ts and tb are variable and
are functions of Rs and Rb, respectively.

Water Quality Criteria

Criteria currently used by the Department of Water Resources to

determine acceptability of water for the most common beneficial uses are

described hereinafter. In general, the vsilues presented herein should be

considered only as guides to judgment, and not as absolute limiting standards,

Criteria for Drinking Water

Chapter 7 of the California Health and Safety Code contains laws

and standards relating to domestic water supply. Section ^10.5 of this code
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refers to the drinking water standards promulgated by the United States

Public Health Service for water used on interstate carriers. These criteria

have been euiopted by the State of California. They are set forth in detail

in United States Public Health Report, Volume 6l, No. 11, March 15, 19^,

reissued in March 1956.

According to Section U.2 of the above-named report, chemical sub-

stsinces in drinking water supplies, either natural or treated, should not

exceed the concentrations shown in Table A-2.

The suspected relationship of the occurrence of infant methemo-

globinemia to the presence of nitrates in the water supply has led to limita-

tion of sillowable nitrates in drinking water. The California State Department

of Public Health has recommended a tentative limit of 10 ppm nitrate nitrogen

{kk pjan nitrates) for domestic water. Any water containing higher concentra-

tions should be considered of questionable suitability for domestic and

municipal use

.

TABLE A-2

LIMITING CONCENTRATIONS OF MINERAL
CONSTITUENTS FOR DRINKING WATER

United States Public Health Service
Drinking Water Standards, 19^+6

Constituent
Parts per
million

Majidatory

Fluoride (f)

Lead (Pb)

Selenium (Se) ,

Hexavalent chromium (Cr"*" )

Arsenic (As)

Nonmsmdatory but Recommended Values
Iron (Fe) and manganese (Mn) togethe

r

Magnesium (Mg)

Chloride (Cl)

Sulfate (SOi^)

Copper (Cu)
Zinc (Zn)

Phenolic compounds in terms of phenol
Total solids - desirable

Total solids - permitted

~
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1.5
0.1
0.05
0.05
0.05

0.3
125
250
250

3.0
15
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The California State Board of Public Health recently has defined

the maximiim safe amounts of fluoride ion in drinking water in relation to

mean annual temperature.

Mean annual Mean monthly maximum
temperature fluoride ion concentration

in °F in ppm

50 1.5
60 1.0
70 - above 0.7

Limits may be established for other organic or mineral substances

if their presence in water renders it hazardous, in the judgment of state

or local health authorities.

An sidditional factor with which water users are concerned is the

factor of hardness. Hardness is due principally to calcium and magnesium

salts and is generally evidenced by inability to develop suds when using

soap. The United States GeologicsLL Survey has suggested the following

tabulation for degrees of hardness:

TABLE A-

3

HARDNESS CLASSIFICATION OF WATERS
U. S. Geological Siirvey

Range of hardness : Relative
in parts per million : classification

0-55 Soft

56 - 100 Slightly hard

101 - 200 Moderately hard

Greater than 200 Very hard

While radioactivity criteria for water use is still in a state

of development, the maximum concentration, in drinking water, of radioactive

contaminants of unknown nature has usually been set at 100 unc/l

.
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Criteria for Irrigation Water

The following criteria for mineral quality of irrigation water have

been develoi)ed at the University of California at Davis and at the United

States Department of Agricxilture Regional Salinity Laboratory at Riverside.

Because of diverse climatological conditions and variations in crops and

soils in California, only genereil limits of quality for irrigation waters

can be suggested. The department uses the three broad classifications of

irrigation waters listed in Table A-^i.

TABLE A-k

QUALITATIVE CLASSIFICATION OF IRRIGATION WATERS

Chemical properties

Class 1

Excellent to good

(Suitable for most
plants under any
conditions of soil
and climate)

Class 2 Class 3

: Injurious to
Good to injurious , „

: unsatisfactory
(Possibly harmful: (Harmful to

for some crops :most crops and
under certain : unsatisfactory
soil conditions) : for all but the

:most tolerant)

Total dissolved solids

In ppm /

In conductance, ECxlO

Chloride ion concentration

In milliequlvalents
per liter

In ppm

Sodium in percent of
base constituents

Boron, in ppm

Less than TOO
Less than 1,000

Less than 5

Less than 175

Less than 60

Less than 0.5

TOO - 2,000
1,000 - 3,000

5 - 10

1T5 - 350

60 - T5

0.5 - 2.0

More than 2,000
More than 3,000

More than 10
More than 350

VSore than T5

More than 2.0

Criteria for Industrial Water

The water quality criteria for the diversified uses of water in

industry reuige from the exacting requirements for make-up water for high

pressure boilers to the minimum requirements for water for washdown and

metallurgicail processing.
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Because of the large number of industrial uses of water and widely

varied quality requirements, it is practicable to suggest only very broad

criteria of quality. These variable conditions make it desirable to consider

water quality requirements in broad and general terms only, and where

possible, for groups of related industries rather than individually. The

general quality requirements of several individual and major groups of

water uses are listed in Table A-5. The values shown in this table are

those suggested in the progress report of the Committee on Quality of

Tolerance of Water for Industrial Uses in the Journal of the New England

Water Works Association, Volume ^k, 19^.

Criteria for Fish and Aquatic Life

Water of suitable quality ajid quantity is a fundamenteil require-

ment for the existence of an abundant supply of fish and aquatic life. It

is very important that water quality conditions be such as to maintain an

abundant supply of food required by fish ajid other desirable forms of

aquatic life. Streams utilized for the propagation of fish and aquatic

life should be free of toxic or harmful concentrations of mineral and

orgemic substances and excessive turbidity. Extensive field and laboratory

studies conducted by the United States Fish and Wildlife Service show that,

among other things, the water in streams supporting a mixed fauna of

waj:Tn water fish such as bluegill, bass, crappie, and catfish should have

the following properties:

(a) dissolved oxygen not less than 5 ppni (at least 6 ppm for

Salmonoids),

(b) ]pR range between 6.5 and 8.5,
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(c) ionizable salts, as indicated by conductivity, between

150 ajid 500 micromhos at 25° Centigrade, emd in general

not exceeding 1,000 micromhos,

(d) ammonia not exceeding I.5 ppm.

MineraQ. salts of high toxicity to fish are those of silver,

mercixry, copper, zinc, lead, cadmium, nickel, trivalent and hexavalent

chromixim, and others. Some pairs of toxicants, such as copper and zinc

(also copper and cadmium, nickel and zinc) are far more toxic when

combined thsin when they occur individually. Other toxic substances, when

combined, neutralize each other through antagonism or chemicsJ. reaction

(e.g., free cyanide combines with toxic heavy metal cations, such sis

nickel and copi)er ions, to form relatively harmless metallocysmide complexes)

The increasing use of household and industrial detergents, as

well as the expansion in the manufacture and use of agriculture insecticides,

poses serious hazards to fish and aquatic life. Preliminary studies, for

example, indicate that one of the most common household detergents is lethal

to relatively hardy fish at very low concentrations . This detergent was

lethal to fish in fresh water at concentrations below 0.1 ppm and below

0.005 ppm in SEilt water. The increase in toxicity in salt water can

probably be attributed to the fact that marine fishes must ingest water

to maintain their osmotic balajice.

Development and use of water resources, including the constniction

of dams for storage of water, frequently affects water temperature which

in turn affects fish and other aquatic life. Optimum water temperature

for cold water fish, such as trout and salmon, normally lie between 32°

and 65° Fahrenheit. The cold water species are generally intolerant to

temperatures above 75° Fahrenheit and will seek the lower temperature
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where possible. Warm water fish such as minnows, carp, catfish, perch,

sunfish, and bass normally live in water having temperatures ranging from

near 32° to 86° Fahrenheit. Acclimation enables certain wajnn water

species to live in water having temperatues as high as 90° Fahrenheit,

although they will migrate, where possible, to waters below 86° Fahrenheit.
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